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ABSTRACT
This study investigates the effects of risk/benefit beliefs on consumer purchase intentions
for genetically modified (GM) foods. A random, national, mail survey is conducted. Three main
problems are addressed in the study. The first problem addressed is to analyze the relationship
between consumers risk/ benefit beliefs regarding GM foods, and their willingness to buy GM
crop and meat products. The second problem deals with linkages between a consumer’s
risk/benefit beliefs about GM foods and willingness to pay (WTP) for GM foods with a benefit
disclosure. The third problem addressed is to test a causal relationship between knowledge and
trust toward GM institutions, and consumer’s purchase behavior toward GM foods.
The cognitive factors associated with risk/benefit tradeoffs turn out to have significant
impacts on consumer acceptance of GM foods. Results indicate that when consumers decide
whether to buy GM crops and meat, the most crucial factor is food safety. Other important
factors affecting consumer purchase intentions are ethical issues and concerns regarding the
environment and wildlife. Depending upon product types, consumers show different levels of
risk perceptions for GM foods. Results indicate that consumers have higher risk sensitivity for
GM meats than GM crops, as expected. Consumers living in the Northeast region of the U.S.
show a negative attitude about willingness to buy GM meat products. Benefits of GM foods on
health and the environment have positive, significant impacts on the premium levels for GM
potatoes. Similarly, benefits of GM foods, a positive evaluation of GM foods, and trust in GM
institutions such as, government, food companies, consumer environmental groups, and
scientists, are significant factors that affect consumers’ participation in the market for GM beef.
Unexpectedly, however, health and environmental risk perceptions of GM foods and morality
concerns stemming from unnatural way to produce them do not significantly affect either the
decision to participate in the market or the premium level. The study found that consumer
viii

risk/benefit beliefs depend on their level of knowledge and credibility in GM institutions. Results
also indicate that consumers perceive more risks than benefits for GM foods.
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CHAPTER I
INTRODUCTION
Genetic modification (GM) refers to all modern techniques in cellular and molecular
biology used to alter the genetic composition of foods or food ingredients, including in vitro
nucleic acid, recombinant DNA, genetic modification, and genetic engineering. GM is different
from traditional breeding techniques in three principal ways: i) it reduces the random nature of
classical breeding; ii) it accomplishes the desired results much more quickly and predictably; and
iii) it makes it possible to cross the species barrier (Roller and Harlander).
GM crops have provided producers with opportunities to lower production costs, enhance
crop production, and increase profits by using inputs more efficiently. For example, Bacillus
thuringiensis (Bt) kills insects with alkaline digestive systems through the action of a crystalline
protein toxin called Cry proteins. Bt transgenic corn is genetically engineered to resist the
European corn borer (ECB), which causes reduction in yield (Thomas). Thus, Bt transgenic corn
lowers input costs and improves productivity. GM crops also offer other potential benefits, such
as using fewer chemicals and pesticides, enhanced taste and quality of some foods, increased
nutrients, as well as improved resistance to disease and pests. Animal performance can also be
improved through genetically engineering. For example, bovine somatotropin (BST) or bovine
growth hormone is a naturally occurring protein made in the pituitary gland of the cow.
Recombinant bovine somatotrophin (rBST) is BST produced by a GM bacteria in the laboratory.
A cow administered rBST can increase milk by more than 20% (Aldrich and Blisard).
GM foods are foods containing GM ingredients 1 . Consumers are widely exposed to GM
foods through either direct or indirect consumption of processed foods produced using GM
1

In this paper, the terms “biotechnology”, “biotech”, “genetically modified”, and “genetically engineered” are used
interchangeably.
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ingredients. According to the Pew Initiative on Food and Biotechnology (2006), 76% of cotton,
85% of soybeans, and 45% of corn grown in the United States were genetically engineered in
2004. In addition, about 54% of all canola in 2001 and more than 50 % of papayas grown in the
United States are GM. Some examples of processed foods including GM soybeans are bread,
cereal, ice-cream, noodles, biscuits, and so on. Corn syrup, beer, margarine, flour, confectionary,
and salad dressing may contain GM corn. Cottonseed oil and canola oil for cooking are derived
from GM cotton and GM canola. About 70% of processed foods on shelves have at least GM
ingredients (The Pew Initiative on Food and Biotechnology, 2004; GEO-PIE). In addition, it is
estimated that one third of U.S. dairy producers administer rBST to their cows (Raloff).
I. Public Debate
Based on the timing and types of information available to consumers, food attributes can
be characterized as falling into three categories: search attributes, where consumers can ascertain
the quality of a product before they buy and consume it; experience attributes, where consumers
can judge the characteristics of a product only after they buy and consume it; and credence
attributes, where consumers cannot accurately determine the quality of a product even after they
inspect, buy, and consume it (Nelson; Darby and Karni). Consumers have considerable difficulty
detecting GM attributes before purchase and after consumption of a GM food. For example,
consumers in the U.S. are exposed to beef from cattle fed GM corn. However, consumers cannot
tell which beef products have been fed GM corn even after consumption.
Consumers are not able to detect the presence of GM ingredients unless the presence of
GM ingredients are disclosed through labeling. Therefore, most GM products fall in the credence
good category (Isaac and Phillips). Because of the credence nature of GM products, there is an
information gap between consumers and producers. As applications of genetic modification get
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complicated and sophisticated, asymmetric information about GM ingredients seems to be
increasing. Some studies found that in general U.S. consumers are not informed about GM foods,
and most consumers are unaware of the prevalence of GM ingredients in food products (Hallman
et al., 2003; Hallman et al., 2004). In addition, Hallman et al. (2004) found that more than half of
the respondents provided incorrect answers in more than half of the questions. Thus, one of the
main reasons that some consumers may have an unfavorable attitude toward genetic modification
is they lack information and knowledge about GM foods.
On the other hand, GM crops have been widely adopted and accepted by farmers and
agribusinesses. Agribusiness companies such as Monsanto and Syngenta support the application
of biotechnology. Among several benefits, a few are as follows; i) GM crops would be beneficial
to health since they lead to foods with less chemical residue; ii) GM crops benefit society
because they lower the farmer’s production cost; and iii) GM crops benefit consumers because
they lower food prices. They also argue that biotechnology provides benefits for the environment
by allowing farmers to use fewer pesticides and herbicides, by leading to adoption of more
environmentally friendly farming systems, and by resulting in increased soil moisture retention
and decreased soil erosion.
However, despite the benefits, consumer and environmental groups like Greenpeace and
Friends of the Earth have a greater interest in food safety and the quality issues associated with
GM products. For example, there are concerns that foods with transplanted genes may cause
allergic reactions in some consumers, and GM foods might have unforeseen harmful effects on
human health. Environmental concerns include: i) potential for GM crops to interact with nonGM plants, leading to contamination of organic crops and/or herbicide resistant weeds; ii) GM
crops may threaten indigenous plants and animals; and iii) the herbicides used with some GM
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crops kill plants that are beneficial to wildlife. In addition, there are concerns regarding the ethics
of tampering with nature via genetic modification. Some consumers argue that GM violates the
basic principles regarding the relationship between humans and nature, and GM is like “playing
God.” (Hallman and Metcalfe; Hallman et al., 2002). Consumer and environmental groups
contend that the unkno wn risks of biotechnology outweigh the benefits, and the safety of
biotechnology is unproven. Consumers with unfavorable attitudes toward GM products expect to
have the right to know whether or not products are produced using biotechnology. Greenpeace
and Friends of the Earth argue that biotechnology will only benefit big companies, not
consumers (Greenpeace).
However, the second generation GM products with a benefit disclosure are expected to be
on the market in a few years. Unlike the first generation of GM products providing benefits
mostly to producers, the second generation GM products offer tangible and observed benefits to
consumers. According to International Food Information Council, some examples of GM
products with benefits which could be on the market in the near future include the following: i)
peanuts with improved protein balance; ii) strawberries with improved freshness, flavor, and
texture; iii) peas grown to remain sweeter; iv) higher-protein rice; v) soybean and canola oil to
contain more stearate, making margarine and shortenings more healthful; and vi) vegetables and
fruits with higher levels of vitamins. It is expected that when the second generation GM products
with enhanced attributes outweigh the potential risks, consumers are more likely to adopt those
products.
There have been many issues and controversies regarding biotechnology as discussed,
and the public debate about biotechnology continues. Overall, while the biotech industry has
emphasized the positive effects of biotechnology to society, some consumers and environmental
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groups have focused on the negative characteristics of biotechnology.
II. Problem Statements
As applications of biotechnology in food products become more prevalent, consumers
confront new opportunities, challenges, and risks/benefits associated with GM products. Some
consumers, however, view biotechnology as a risky process. Acceptance of GM products is
associated with the consumers’ risk/benefit beliefs about biotechnology. When consumers
perceive benefits to themselves and society, they are expected to be more willing to buy GM
foods, relative to consumers who perceive few benefits. On the other hand, if consumers
perceive GM foods as a health risk, and risky for the environment, they would be less willing to
purchase them. In this regard, consumers’ risk/benefit beliefs of GM foods are expected to play a
significant role in determining their purchasing behavior for those foods.
Problem Statement One
The first problem addressed in this study is to analyze the relationship between
consumers risk/ benefit beliefs regarding GM foods and their willingness to buy foods that
contain GM crops and animal products. Moreover, factors that affect a consumer’s beliefs
regarding GM foods are also examined.
Problem Statement Two
Compared to conventional products and the first generation of GM products, consumers
would be willing to pay more for the second generation GM products with positive attributes,
such as better taste and nutritional value, and so on. Most of the literature has dealt with
consumer willingness to pay (WTP) for non-GM foods. The first generation of GM foods offers
benefits primarily for producers and the environment. However, the second generation of GM
products providing direct benefits to consumers is just around corner.
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The second problem we address is to examine linkages between a consumer’s risk/benefit
beliefs about GM foods and WTP for foods with some type of benefit disclosure.
Problem Statement Three
It is believed that consumers have little knowledge of GM foods (Hallman et al., 2004).
Thus, they cannot assess GM foods by themselves, and need help from GM institutions
providing information about them, such as government agencies, consumer and environmental
groups, the food industry, and scientists and academics. It is assumed that consumers’ different
levels of knowledge and trust toward GM institutions determines their purchase behavior for GM
foods.
A third problem addressed is to test a causal relationship between knowledge and trust
toward GM institutions, and consumer purchase behavior of GM foods. In addition, the effects of
perceived morality on consumers’ purchase behaviors of GM foods are investigated.
III. Research Objectives
The study has the following three main objectives.
1. To date, few quantitative studies have examined linkages between consumers’
risk/benefit beliefs about GM products and willingness to buy them. The first objective of this
study is to analyze how consumers’ risk /benefit beliefs regarding biotechnology influence their
intention to purchase GM foods.
2. The second objective of the study is to explore whether or not consumers’ risk/benefit
beliefs and knowledge of GM foods affects their behavior as measured by WTP a premium for
GM foods with a benefits disclosure.
3. The third objective of the study is to explore the structure of consumer attitudes
regarding GM foods and the formation of purchase decisions toward GM foods by empirically
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estimating the attitude and purchase intention model.
IV. Outline of Dissertation
This work accomplishes the three objectives through a “journal-article-style” dissertation,
given in chapters III, IV, and V. A literature review is presented in chapter II. In chapter III, the
effects of risk/benefits perceptions toward consumer purchase intentions of GM foods are
analyzed. Consumer valuation of second generation GM food with benefit disclosure is
investigated in chapter IV. In chapter V, determinants of purchase intentions regarding
genetically modified (GM) foods are explored. Finally, an overall summary is included in
chapter VI.
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CHAPTER II
LITERATURE REVIEW
I. Consumer Perceptions toward Biotechnology and GM Products
A rich body of literature regarding consumer perceptions of biotechnology has emerged
in recent years. From an economic perspective, Caswell, Fuglie, and Klotz studied the
development of agricultural biotechnology. They argued that the success of biotech products
depends upon several factors, such as public policies, producer expectations, and consumer
demand for biotech products. Their study suggested that if profitability of using biotechnology is
expected to be high, then demand for the technology by farmers and food processors would
increase. The study indicated that consumer demand for biotech products would, eventually,
determine the demand for biotechnology in the farm sector.
Several studies elicited public perceptions of biotechnology. Consumers with similar
information about biotechnology showed diverse risk perceptions of the technology. Using
nationwide consumer sur vey data, Grobe, Douthitt, and Zepeda studied consumer risk perception
associated with the GM product, recombinant Bovine growth hormone (rbGH), which is a foodrelated biotechnology used in milk production. The study investigated how consumers react to
different typologies of risk perceptions toward the use of rbGH, and identified the demographic
characteristics of consumers at each risk perception typology. In addition, the study found that
consumers who engaged in self-protective action were strongly correlated with environmentalist
concerns.
Using conjoint analysis, Gath and Alvensleben showed that the strength of brand does not
affect acceptance of GM food, and women are less acceptable of GM food than men. Overall,
participants’ acceptance of GM foods was low, and there was no significant change in attitudes
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toward GM food even if information about biotechnology is offered. Their results suggested that
to increase acceptance of GM food, either the prices of GM foods should be lower, or there
should be tangible consumer benefits from biotechnology. Hallman et al. found that consumers
in the U.S. are less approving of genetic modification techniques that involve animals, and many
respondents do not have strong opinions or are unsure of their opinion about GM foods.
Consumers’ perceptions of biotechnology have been investigated in fifteen developed
countries including the U.S. and France. Hoban demonstrated that consumers from different
areas of the world have quite diverse perceptions about biotechnology. The study found that
consumer perceptions about biotech products are very different depending on the type of
information provided, government credibility, and cultural preferences. For example, the U.S.
showed strong public support for biotechnology applications in comparison to other European
countries. Most U.S. consumers expressed a circumspect optimism about the benefits of
biotechnology, and accept GM products if the price is appropriate and it benefits society.
A study by Moon and Balasubramanian (2004) investigated the public’s attitude toward
biotechnology. The study demonstrated that consumer acceptance of biotechnology depends on
their cognitive assessment of its risky and beneficial attributes. The study indicated that the
adverse effect of negative attributes on overall attitudes outweigh the favorable effects of
positive attributes, suggesting that consumer sentiment about risk perceptions of biotechnology
predominate over benefit perceptions. In addition, their results showed that trust in government
regulations, a sense of outrage toward the new technology, and selected socio-demographic
variables play a significant role in shaping consumer attitudes toward GM crops.
Hoban and Kendal examined perceptions regarding the safety of GM foods among U.S.
consumers in 1995 and 1997. Their results showed an increasing number of consumers were
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willing to purchase GM foods. They also found that U.S. consumers expressed the most concern
about microbial contamination and pesticides, and little concern over the food safety risks of
biotechnology. On the other hand, other studies indicate U.S. consumers are concerned about the
safety and environmental risks of GM foods. For instance, a 2002 survey by Teisl et al. indicated
that unknown long-term health and environmental effects of GM foods were among the top five
concerns by U.S. consumers.
Huffman et al. (2004) showed that an individual’s personal capitals, such as schooling,
age, religion, and social capital, significantly affect the preference for GM information sources.
Dhar and Foltz investigated consumer benefits from the introduction of rBST- free and organic
milk. The study found that consumers not only pay significantly more for rBST- free and organic
milk but also gain substantial benefits by keeping them both in the market.
Some studies examined consumers’ risk preferences toward acceptance of GM food. A
study by Lusk and Coble emphasized the need to elicit both risk perceptions and risk preferences
to determine preferences for GM foods. Lusk and Coble showed that risk preferences and risk
perceptions are significant predictors of acceptance of GM food, and found that risk perception
has a relatively larger influence. Baker and Burnham demonstrated that consumers’ risk
preferences have a great impact on the acceptance of GM product. The study indicated that
consumers with higher levels of risk aversion were less likely to be accepting of GM foods.
II. Consumer Preferences for GM Labeling
Economics predicts that markets overestimate or underestimate the va lue of products
without labeling. If products are not labeled, consumers would not be fully aware of the
characteristics and value of the products. Thus, it is believed that labeling plays a significant role
as a source of direct consumer information when consumers are concerned about health,
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nutrition, food safety, potential product risks, and so on. Labeling effectively influences
consumer demand patterns, contributes to their ability to judge product attributes, and
fundamentally alters the information environment in the market for quality attributes.
There has been much public debate about consumer acceptability of GM products, if
mandatory labeling of GM products were required. Caswell stated that the initial direction and
speed of market development fo r foods produced using genetically modified organisms (GMOs)
is significantly influenced by the choice of labeling policy. However, Caswell argued that there
are good economic reasons for not requiring all information to be disclosed on food labels. For
example, those include substantial difficulty in separating biotech ingredients from non-biotech
ingredients, increased marketing cost due to segregation of biotech products from non-biotech
products, and limits to the amount that can be displayed on a label.
According to Hallman and Metcalfe, 84% of respondents supported special labels on
biotech products. Sixty percent of participants answered that they would consider purchasing
biotech vegetables if they are labeled as having been produced using biotechno logy. Fifty eight
percent said that they would spend time looking at biotech labels while shopping. Forty two
percent of respondents who said that they would search for produce labeled “not genetically
engineered” also stated that if label conveys the information of biotech produce, then they would
buy such produce.
FDA examined consumers’ reaction to various labeling options for bioengineered foods
in four cities: Calverton, Maryland; Burlington, Vermont; Seattle, Washington; and Kansas City,
Missouri. Most of the participants said that all foods should be labeled to tell whether a food is
produced using biotechnology. Their concern for labeling was not based on specific effects of
biotechnology but in unknown long-term health and safety risk, which motivates the demand for
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biotechnology labeling. In terms of labeling approach, nearly all participants recognized value in
having “mere disclosure” labeling, and many of them were aware of symbolic value when they
decided not to purchase biotech products. In regard to the practicability of labeling, most
participants expressed that labeling should be simple and effective, which suggests that too
wordy and complicated labeling burdens the consumers.
A study by Douthitt also found that most Americans believed genetically modified foods
should be labeled. Surveys in other developed countries report similar results. A national survey
of Australian consumers found that 89% of respondents believed genetically engineered
tomatoes should be labeled. Only 4% percent of the respondents were against labeling. About
35% percent said labeling GM tomatoes would be a good idea, while 65% percent said unlabeled
GM tomatoes would be a bad idea (Kelley).
The International Food Information Council (IFIC) has sponsored annual consumer
surveys on the topic of biotechnology since the mid 1990s. Approximately 1000 separate
telephone interviews of U.S. consumers were conducted between 1997 and 2001(IFIC). These
surveys reported that 78% of Americans supported the current FDA voluntary labeling policy in
1997. However, support for the FDA policy had eroded to only about 37% by the 2001 survey.
Some studies investigated value of practicing a mandatory GM labeling policy. Using
laboratory auction experiments, the potential welfare effects of mandatory labeling policy for
GM foods in the U.S. were estimated (Rousu et al.). Rousu et al. showed that average consumers
are less likely to pay for the food that is signaled as GM. The study revealed that mandatory
labeling policy brought about welfare losses, relative to voluntary labeling policy. Their study
suggested that since voluntary labeling policy is inexpensive and consumers are able to correctly
decipher signals in non-GM and GM markets, voluntary labeling policy is more efficient in the
U.S. as compared to a mandatory labeling policy. In another study, by using contingent valuation
13

method (CVM), the impacts of mandatory labeling policy of beef from cattle produced with
growth hormones or fed genetically modified corn was examined (Lusk and Fox). Lusk and Fox
asked consumers their willingness to pay for a mandatory labeling. The study showed that 85%
of respondents preferred mandatory labeling of beef administered growth hormones, while 64%
favored mandatory labeling of beef from cattle fed GM. Lusk and Fox found that consumers who
have larger concerns for the safety of hormones are willing to pay more for mandatory labeling,
and those with higher income levels are willing to pay more for mandatory labeling of beef
produced with growth hormones than low incomers. The study discovered that average
consumers are willing to pay 17% higher prices for mandatory hormone labeling.
According to Harrison and Han as beliefs regarding potential adverse effects of GM
crops on wildlife and the environment increases, consumers are less likely to support the FDA’s
current labeling policy. The study suggests that consumer beliefs are significant determinants of
consumer attitudes toward the current FDA labeling policy. The study also showed that four- infive respondents (80%) support mandatory labeling of biotech foods, implying support of
revisions to the present voluntary labeling policy of the U.S. Food and Drug Administration and
the U.S. Department of Agriculture.
Hine and Loureiro linked consumers’ knowledge of genetically modified (GM) foods to
preferences for mandatory labeling. Various socio-demographic characteristics were also
hypothesized to affect consumer preferences for mandatory labeling. Their results indicated that
consumers who considered the mselves well informed about biotechnology did not appear to be
as concerned about mandatory labeling of GM foods as those who were less informed.
III. Willingness to Pay (WTP) for GM and Non-GM Products
Hicksian surplus derived from the utility maximization problem is used for conventional
welfare measurement. While compensating variation (CV) and equivalent variation (EV) are
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employed for conventional welfare measures in the price of public goods, proper measures of
economic welfare from the change in the quantity of public goods are compensating surplus (CS)
and equivalent surplus (ES) (MacDonald and Bowker). For a price decrease, the CV is
interpreted as the willingness to pay (WTP) for the right to purchase the good at the new price
level. For a price increase, the CV is described as the minimum payment to the individual
sufficient to prevent a utility decrease, which defines willingness to accept (WTA). The EV, for a
price decrease, describes WTA, which is the sum of money that individual would require to
voluntarily give up a proposed price decrease, while the EV defines WTP for a price increase,
which is the maximum sum of money that could be taken away from the individual (Freeman
III). The CV and EV would be the equal if the income elasticity of demand for a good is zero.
The CV and EV for the price decrease are graphically explained in figure 2.1. In figure 2.1 the
Good 2

EV
CV

•

• •

•

P1

P1

P0

P0
Good 1

Good 1
( ii )

(i)

Figure 2.1. Equivalent variation (EV) and compensating variation (CV)
price of good 2 remains the same, and the price of good 1 decreases from P0 to P1 . Panel (i)
depicts the EV in income- how much additional money is needed at the original price P0 to make
the consumer as well off as he/she would be facing P1 . Panel (ii) portrays the CV in income- how
much money should be taken away from the consumer to leave him as well off as he/she was
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facing price P0 (Varian).
In much empirical estimation of welfare measures, the contingent valuation method
(CVM) is often used for valuation of environmental goods. CVM is a survey method that
depends directly on individual responses in hypothetical market situations. In CVM studies,
WTP and WTA measures are taken as the measure of value. WTP corresponds to maximum
amount that individual would be willing to pay to obtain some goods and WTA is the minimum
amount that individual would be willing to accept for compensation to give up the goods. In
general, nonmarket methods can be categorized as attitudinal and behavioral approaches to
evaluation. The CVM is an attitudinal approach to nonmarket valuation. CVM has been widely
used to estimate nonmarket value. The primary advantage of using CVM is flexibility, which
comes from not using secondary data and not depending on complementary or substitute
relationship with private goods. To acquire values from individuals regarding amount of money,
hypothetical market situation is described and goods being valued is presented.
A number of studies estimated consumers’ WTP for food products produced with or
without biotechnology. An initial effort to evaluate WTP for a product without biotechnology is
reported in Fox et al. Employing auction market data, consumers’ WTP to exchange bST milk
for normal milk was estimated. Fox et al. showed that more than 50% of consumers would not
require any price discount to purchase bST milk. Once consumers who had strong negative bias
against bST prior to the experiment received balanced scientific explanation of the product,
about 70% of them expressed willingness to buy the product at no or a small discount. In
addition, Fox et al. found that if bST milk were available at the same price or at a little lower
price than normal milk, then more than 60% would buy the product.
Lusk, Roosen, and Fox estimated the WTP for beef fed non-GM corn for France,
German, U.K., and U.S. consumers. Results indicated that feeding GM corn negatively affects
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U.S. and European consumers’ willingness to purchase beef. They also found that consumers
were willing to pay approximately 3.75 to 11 U.S. dollars per pound for beef not fed GM corn.
However, the effects of risk and benefit perceptions on WTP, purchase decisions, and labeling
preferences were not examined.
In another study, Huffman et al. (2002) used experimental auctions to test whether
consumers were willing to pay more for non-GM foods. They also examined the effects of
mandatory and voluntary labeling regimes on consumers’ WTP for non-GM products. Huffman
et al. (2003) examined how the presence of different labels affects consumer behavior by
eliciting consumers’ WTP fo r both GM- labeled and standard- labeled foods. Their results
indicated that consumers’ WTP for the plain- labeled foods is significantly higher than their
willingness to pay for the GM-labeled counterpart.
Loureiro and Bugbee demonstrated that consumers pay the highest premiums for
modification which increase the flavor or enhance nutritional value. The study pointed out that
attitudinal variables (such as feeling about GM modification) play a statistically significant role
in explaining consumer acceptance and WTP for different modifications.
Assuming that GM foods provided benefits for consumers, such as lower pesticide use,
improved nutritional characteristics, and improved organoleptic characteristics, consumers’ WTP
for GM foods in Italy was evaluated (Stefano and Daniele). The study showed that income and
information about biotechnology are significant determinants affecting WTP for GM foods.
Stefano and Daniele demonstrated that when correct information is given to consumers, they are
more likely to pay higher prices to benefit from quality improvements. In addition, the study
suggested that consumers’ WTP should be different depending upon degrees of risk type and risk
avoidance.
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Lusk et al. assessed WTP among students for non-genetically modified corn chips by
using first- and second-price auction. Respondents could rank their preferences and opinions
over a prespecified scale by employing scale-differential questions. Their study showed that
students had less reluctance for GM foods and strong willingness to consume them. Seventy
percent of students were reluctant to pay for non-GM corn chips, but 20% of participants were
willing to pay at least $0.25/oz for the exchange. The frequency of chip consumption turned out
to be one of the significant facts to influence the probability of paying for non-GM corn. The
study found that students who often consume GM corn chips are less sensitive to the perceived
risk associated with GM foods.
One study investigated the relationship between risk and benefit perceptions about
biotechnology and willingness to pay a premium for non-GM foods. Using survey data in the
United States (US) and United Kingdom (UK), Moon and Balasubramanian (2001) hypothesized
that the decision whether or not to pay a premium for non-GM foods is closely related to risk and
benefit perceptions regarding biotechnology. That is, Moon and Balasubramanian assumed that
consumers’ willingness to pay a premium for non-GM foods can be investigated by examining
subjective risk and perceptions about biotechnology. Their study revealed that strong health risk
perceptions for both US and UK consumers increases the possibility to pay a premium for nonGM foods, while they are less likely to pay a premium for non-GM foods as they are aware of
benefits about biotechnology. In addition, their results indicated that as consumers in both
countries are in favor of mandatory labeling policy, they are willing to pay more premium for
non-GM foods.
Whether consumers value diverse information about biotechnology present ed in GM
labeling is addressed by Huffman et al. (2001). The study investigated U.S. consumers’ WTP for
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foods with and without GM labeling for vegetable oil, tortilla chips, and Russet potatoes. The
study presented evidence that WTP for GM labeled food is significantly lower than that for nonGM counterparts. In addition, Huffman et al. showed that consumers are willing to pay about a
14% premium to buy food that they recognize as non-GM. Tamara et al., using an experimental
auction, investigated how consumers’ WTP is influenced by the GM content of the product. The
study revealed that consumers pay less for the presumed GM product than for the products
labeled as non-GM, as expected. Tamara et al. showed that when positive-biased information
regarding GM products is provided, WTP for GM products increased. Their results also
suggested that the effect of biased information on acceptability and willingness to pay for GM
products depends upon product type.
As presented earlier, CVM has been commonly used to elicit respondent’s willingness to
pay for goods. However, CVM may provide a problem stemming from hypothetical nature of
questions presented to respondents. When eliciting hypothetical values for respondents’ WTP for
certain goods, they overestimate the amount they are willing to pay, as compared to when an
actual payment is required. Thus, to prevent hypothetical bias, “cheap talk” and a follow- up
certainty questions have been widely used in literature.
In the “cheap talk” method introduced by Cummings and Taylor, respondents were read a
script describing the hypothetical bias problem and were explicitly asked not to overstate their
true willingness to pay (WTP). Several studies showed that hypothetical bias can be eliminated
by an appropriate cheap talk design (Cummings and Taylor; List; Lusk; Aadland and Caplan;
Brown, Ajzen, and Hrubes).
In the follow-up certainty question introduced by Champ et al. , respondents are asked to
rate on a scale how certain they are that they would actually pay. The WTP question is
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immediately followed by a certainty question. Then information on reported levels of certainty is
used to recode responses to the WTP for goods. Some of the studies demonstrated that the use of
a certainty correction also decreases hypothetical bias (Champ et al.; Champ and Bishop; Ready,
Navrud, and Dubourg; Samnaliev, Stevens, and More; Murphy, Stevens, and Weatherhead;
Polasky, Gainutdinova, and Kerkvliet; Little and Berrens).
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CHAPTER III
THE EFFECTS OF RISK/BENEFIT PERCEPTIONS TOWARD CONSUMER
PURCHASE INTENTIONS OF GENETICALLY MODIFIED (GM) FOODS
As discussed in previous chapters, consumers’ risk/benefit beliefs of GM foods are
expected to play a significant role in shaping the purchase behavior of GM foods. In analyzing
consumer purchase behavior, however, a problem researchers confront is that U.S. consumers’
actual behavior related to GM foods cannot be fully observed. This is because consumers have
limited opportunities to reveal their preference for GM foods. Consumers still ha ve restricted
product experience due to unavailability of many GM foods, and they cannot tell which foods
have GM ingredients due to voluntary labeling policy. Instead, researchers rely on consumers’
self reporting of behavior or intention to behave. In psychology, most behavioral scientists agree
that consumers’ conscious decision is strongly influenced by their intentions, which is believed
to be the best predictor of consumer behavior.
The present study differs from the studies reviewed in chapter II by analyzing linkages
between consumer beliefs regarding risks and benefits of GM foods, and the effect of these
beliefs on consumer purchase intentions of those foods via attitude. In addition, our study is
noteworthy in that it explores a causal flow between beliefs, attitudes, and intentions. In addition,
it determines which factors make a consumer uncertain regarding the purchase of GM foods.
I. The Theoretical Framework
When analyzing consumer purchase intentions, an important question is whcih factors
cause intention development. The presumption is that beliefs are key elements in forming
attitudes, intentions, and eventually influencing behavior. Beliefs represent the base set of
information that a consumer has about an object or concept (Fishbein and Ajzen). Thus, beliefs
describe all thoughts that a consumer has about GM foods in association with various attributes,
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and beliefs play an important role in forming attitude mediating intentions (Moon and
Balasubramanian; Bredahl; Grove and Douthitt; Kinnucan and Venkateswaran).
According to Fishbein’s multi-attribute model, a person’s attitude toward any object is a
function of his/her beliefs about the object and the implicit evaluative responses (or aspects)
associated with those beliefs (Fishbein). Enge l, Blackwell, and Kollat defined attitude as “a
learned predisposition to respond consistently in a favorable manner with respect to a given
alternative” (p. 388). Thus, attitude refers to consumers’ favorable or unfavorable evaluation of
GM foods, and attitude formation is closely related to the consumer’s evaluation of GM foods. A
consumer’s attitude toward GM foods, following Fishbein’s theory, is a function of the strength
with which a consumer holds beliefs (i.e., his/her subjective probability that GM foods are
related to specific attributes) and of his/her positive or negative evaluation of each attribute. The
strength of belief associated with a given attribute is multiplied by the consumers’ positive or
negative evaluation of the attributes involved. The belief effects are then summed across all
N

attributes. Algebraically, it is hypothesized that A = ∑ Bi a i , where A = consumer’s total
i =1

attitude toward GM foods, Bi = the consumers’ belief regarding attribute ‘i’, ai = the evaluative
aspect of Bi, and N = the number of beliefs. Beliefs and their evaluative aspects are acquired via
a consumer survey. Intention indicating a certain amount of affect toward an object is defined as
“the subjective probability that beliefs and attitudes will be acted upon” (Engel, Blackwell, and
Kollat, p. 388). While attitude is viewed as a general predisposition that does not predispose the
person to perform any specific behavior, intention is related to a specific behavior (Fishbein and
Ajzen).
Past studies have demonstrated that consumer beliefs not only have a major mediating
effect in shaping their attitude, but also beliefs are influenced by socio economic and

26

demographic characteristics (Moon and Balasubramanian; Grove, Douthitt, and Zepeda;
Kinnucan and Venkateswaran; Lin). In addition, a few previous studies suggest that various
socio-demographic factors influence information acquisition, consequently attitude and behavior
(Nayga; Florkowski et al.). Thus, based on attitude theory and previous studies, we hypothesize
that attitude is affected by both the information available to consumers and consumers’ beliefs
about GM foods. To accomplish the objectives of the study, the choice process model by Engel,
Blackwell, and Kollat is used as a conceptual basis fo r our model specification.
The theoretical framework for the analysis is presented in figure 3.1. It shows a
consumer’s cognitive process for purchase intention of GM foods. A consumer’s purchase
decision regarding GM foods is determined by his/her intention viewed as the determinant of the
behavior. Figure 3.1 illustrates that consumers’ purchase intentions for GM foods are affected by
various types of information, which have a direct effect on consumer attitude and an indirect
effect via the belief system. In addition, the model shows a recursive (or sequential) linkage
between information, beliefs, attitudes, and intention, where beliefs comprise the consumers’
risk/benefit perceptions regarding GM foods.
It is hypothesized that when consumers are more informed regarding biotechnology, they
are more likely to have a favorable attitude toward the technology (Brady and Brady). If
consumers believe that their local supermarket sells GM foods, it is assumed that they are more
familiar with them, suggesting a more favorable attitude of GM foods. In addition, it is predicted
that if consumers frequently read food labels while shopping, they are more concerned about
health and nutrition than other consumers. Thus, a negative sign is expected between frequency
of food label use and consumers purchase intentions of GM foods. It is believed that consumers
have little knowledge regarding GM foods (Hallman et al., 2004 and 2003). To deal with lack of
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INFORMATION
• Awareness
• Sales of GM food in local
supermarket
• Frequency of food label use
• Socio- demographics
• Trust in FDA

NORMATIVE COMPLIANCE
• Perceived morality

BELIEFS
• Safe for human consumption
• Adverse effect on wildlife and the
environment
• Relative riskier for GM meats than crops
• Benefit to society due to productivity
improved

ATTITUDE
• Preference of GM labeling

INTENTION
• Toward willingness to buy GM
foods

Adapted from Engel et al., 1978

Figure 3.1. A theoretical model of explaining purchase intention of GM foods.
knowledge, consumers are more likely to rely on GM institutions that provide information about
GM foods. As consumers have a high degree of trust in GM institutions, they are more likely to
perceive positive aspects of GM foods than those who have a low degree of trust in them. In this
regard, trust plays the role of substituting for a lack of knowledge. Accordingly, the study
proposes that the level of trust in GM institutions directly affects attitudes and indirectly affects
attitudes through beliefs held by consumers. It is anticipated that as consumers trust the FDA as a
regulatory institution, they have less concerns about GM food safety, suggesting a positive
relationship between trust of the FDA and purchase intentions of GM foods.
While some of signs for socio-demographics are ambiguous, some of them are expected
based upon the previous findings. It is hypothesized that female respondents are more conscious
of the food safety issue (Gath and Alvensleben; Hoban and Katic; Lin). Thus, a negative
relationship is expected between female and the purchase behavior for GM foods. The
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relationship between age and the perceived risk increases at a decreasing rate (Misra and Huang).
Thus, it is hypothesized that older respondents may be less inclined to learn about new
technology, and they are more risk averse to the food safety issue than younger respondents. A
negative relationship between older respondents and willingness to buy GM foods is anticipated.
Nayga suggests that non-white races have lower newspaper and magazine readership rates than
whites. This may suggest that whites have better knowledge and understanding of biotechnology
than other non-white races. Thus, a positive sign is expected between whites and purchase
intention of GM meats. An individual’s education level may impact his ability to absorb,
understand, and make decisions on available information. Schultz hypothesized that education
enhances the individual’s ability to process new information into changed behavior. Thus, it is
anticipated that higher educated individuals increase the probability of purchasing GM foods
approved by USDA or FDA.
Beliefs include 4 factors: (1) perceptions regarding health risk; (2) perceptions regarding
adverse effect on wildlife and the environment; (3) the relative level of risk of GM crops and
meats; and (4) the benefits of GM crops to society. It is hypothesized that as consumers perceive
benefits of GM foods, and perceive them as being safe for consumption, they are more likely to
purchase GM foods. On the other hand, when consumers have concerns of either GM food
safety, or adverse effects on the environment, they are less likely to buy them. When consumers
believe that GM meat products pose greater health risk than GM crop products, a negative sign is
expected. Moreover, it is hypothesized that consumers perceive higher perception of risk from
GM meat than from GM crops since they are less receptive to the GM meat (Hallman et al.,
2003; Davison, Barns, and Schibeci, 1997). For attitudes toward GM foods, it is hypothesized
that consumer preferences for GM foods are mediated by consumer preference toward GM food
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labeling. For example, if a consumer prefers voluntary labeling, then this reflects a positive
attitude toward GM foods.
We also hypothesized that perceived social influences affect purchase intentions toward
GM foods. For example, religious groups raise morality concerns about GM foods, saying
humans should not invade the realm of God (Hallman and Metcalfe; Hallman et al., 2002). Some
consumers are motivated to either comply with those beliefs or not. A consumer’s sensitivity to
social pressures is a factor in consumer’s personality makeup. That is, consumers’ perceived
morality about GM foods reveals a personal norm, which is explained by the choice model in
figure 3.1. In addition, a few past studies examined the impact of moral obligation on behavioral
intentions for food-related behaviors and towards GM foods (Raats, Shepherd, and Sparks;
Sparks, Shepherd, and Frewer). Thus, based upon the choice model and empirical findings, it is
hypothesized that perceived morality negatively influences consumer purchase intention directly,
and not through attitude. It is assumed that as consumers believe creating GM plants and animals
is morally wrong, a negative relationship is expected between their purchase intentions of GM
foods and morality. Finally, a consumer’s willingness to buy GM foods is also hypothesized to
be a function of their GM labeling preference.
II. Empirical Model
A multinomial logit model (MNL) is employed to investigate the significance of selected
factors on an individual’s purchase intention of GM foods in the conceptual model. The MNL is
used for three reasons. First, data for the study consist of individual specific characteristics, and
the MNL is well suited for analysis of characteristics of the individuals. Secondly, while the
MNL is popular as a discrete choice model, it suffers from the disadvantage of the independence
of irrelevant alternatives (IIA) assumption. Under IIA, introducing a new alternative leaves the
relative odds of choosing among the existing alternatives unchanged; that is, the stochastic
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disturbances are independent and identically distributed. The IIA assumption, however, can only
be empirically tested when some respondents have different choice sets. That is, when everyone
in the sample is presented with the same choice set, the IIA assumption is not a serious problem
(Allison). For the study, three alternatives, which are yes, uncertain, and no responses, are
presented to all individuals. Thirdly, an ordered probit may be used over MNL. The ordered
probit model assumes that there is an ordinal nature in the alternatives. However, the ordering
assumption in the ordered probit for the study may be incorrect. Lynch, Hardie, and Parker
showed that an ordered probit assuming uncertain is a middle category does not improve the
model’s predictive capabilities. Thus, the study doesn’t consider the uncertain response to be
middle category.
The basic framework for analysis is provided by the random utility model where
consumers are assumed to choose among a range of discrete alternatives to maximize their
utility. The MNL was estimated separately for two different types of products, GM crop and GM
meat products, because consumer acceptability of GM foods may differ depending on the type of
product.
The general form of MNL can be expressed as follows:
exp( x i β j )
'

(3.1)

Pr[ Y i = j] =

J

1 + ∑ exp( x i β k )
'

k =1

where J is the dependent variable and the number of alternatives in the choice set. Respondents
were asked if they were willing to buy GM crop and GM meat products. The model is estimated
with three alternatives: j=1 if the respondent indicated they would buy GM foods; j=2 if the
respondent indicated they would not buy GM foods; and j=3 if the respondent indicated they are
uncertain about buying GM foods. The second alternative, j=2, is used as the reference choice.
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The independent variables, xi, hypothesized to influence the alternatives are summarized as
follows: (1) consumers’ beliefs toward GM foods, that is, consumers’ risk/benefit beliefs toward
GM foods; (2) attitude regarding GM labeling; (3) consumer awareness of GM foods; (4)
variables in regard to the consumer’s use of food labels; (5) socioeconomic and demographic
factors; (6) trust in the FDA; and, (7) perceived morality. β j is a vector of the estimated
parameters, and Pr[Yi=j] is the probability of individual i choosing j alternative among three
alternatives in the choice set. The log-likelihood function for the MNL is given by
n

(3.2)

exp( x i β j ' )

J

ln L = ∑∑ d ij ln
i =1 j =0

J

∑ exp( x β
k =1

i

,
'

k

)

where dij=1 if the individual i chooses alternative j and dij=0 otherwise.
For the study, results are interpreted using the odds ratio, instead of marginal
probabilities. Calculating marginal probabilities is not useful evaluating the magnitudes of β in
the MNL. First of all, discrete change represents the change for a particular set of values of the
independent variables. Thus, the changes will not be the same at different levels of the variables.
Another problem with marginal probabilities is that the dynamics among the dependent
outcomes cannot be captured from measures of discrete change (Long). The odds ratio is
calculated by contrasting each category with the reference category. The odds ratio shows a
multiplicative change in the odds for a unit change in an independent variable.
The odds of outcome of m versus outcome n given x, specified by Ω m|n (x), is as follows:
(3.3)

Ω m | n ( xi ) =

Pr( yi = m | x i ) exp( xiβm )
=
,
Pr( yi = n | x i ) exp( xiβn )

where m is one of the three alternatives, and n is a reference category. Taking logs demonstrates
the multinomial logit is linear in the logit:
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ln Ω m| n ( x i ) = x i (βm − βn )

(3.4)

The difference βm − βn is called a contrast, which is the effect of x on the logit of outcome m
versus outcome n (Long). It is interpreted as follows; for a unit change in x , the logit of outcome
m versus n is expected to change by βm − βn units, holding other variables constant.
Alternatively, the percentage change in the odds can be calculated by subtracting 1 from the odds
ratio and multiplying by 100.
III. Questionnaire and Data Collection
A questionnaire was developed that included questions on mandatory and voluntary
labeling preferences; questions on consumer awareness of GM foods; questions on consumer
risk/benefit perceptions of GM foods; questions on purchasing GM foods; questions regarding
the consumers’ use of food labels; and questions on consumer demographics.
The first part of the questionnaire presented background information on biotechnology. It
contained a definition of biotechnology and GM foods, and described present and future uses of
biotechnology. This was followed by several questions in regard to the respondents’ general
knowledge of, and their attitudes toward biotechnology. In the following section, respondents
were asked whether they were in favor of either a voluntary or mandatory labeling policy for GM
products. The next section poses a question on consumers’ willingness to purchase GM foods
and a question on how often they read food labels while shopping. In the last section,
information is collected regarding respondents’ socioeconomic and demographic characteristics.
A questionnaire is attached in Appendix 1. A mail survey was administered using the Dillman
method during July 2002. Questionnaires were mailed to 3,450 randomly selected households for
seven metropolitan regions in the United States: Atlanta, Denver, Houston, Chicago, Los Angels,
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New Orleans, and New York. Five hundred nine usable questionnaires were returned, for an
overall response rate of 14.75%.
IV. Results
Frequency distributions for the socio-demographic information of the sample are
presented in table 3.1. Fifty four percent of the respondents were men and 46% were women. All
age groups are represented in the sample, with the 45-54 age group representing the largest
percentage (27%). Most of the respondents are highly educated, as more than 80% finished some
college, completed a bachelor degree, or did post graduate work. The median income of
respondents is between $30,000 and $44,999, accounting for 20% of the sample.
Table 3.2 reports descriptive statistics for all items used to construct the theoretical
variables and brief descriptions of each question. For the analysis, contrasts are reported in tables
3.3 and 3.4. The estimated models are statistically different from zero at the α =0.01 significance
level, as indicated by their respective Chi-square statistics. The magnitudes of the contrasts are
obtained from MNL results by testing the null hypothesis that contrasts are equal. Mean
predicted probabilities of four beliefs are computed for GM crop and meat products. Mean
predicted probabilities for GM crop products are 0.46, 0.16, and 0.38 in yes, no, and uncertain
responses, respectively. On the other hand, mean predicted probabilities for GM meat products
are 0.24, 0.32, and 0.44 in yes, no, and uncertain responses, respectively. Consumers’
willingness to buy GM foods from crops is presented in table 3.3.
Consumer Willingness to Purchase – Food from GM Crops
Consumers in the Market vs. Consumers out of the Market
Results show that the estimated coefficients on statements S1 and S4 are statistically
significant at the α = 0.01 significance level. This suggests that as consumers believe that GM
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Table 3.1. Socioeconomic and demographic profiles of sample
Demographic Profile for
Sample
Gender
Male
Female
Age (years)
18-24
25-34
35-44
45-54
55-64
65 or older
Education
Less than high school
Completed high school
Technical school
Some college
Completed Bachelor
degree
Post graduate work

Sample
Number

Sample
Percentage

U.S. Census Profile for
Populationa
Gender
Male
Female

Population
Percentage

274
235

54.0
46.0

12
56
99
135
93
114

2.36
11.00
19.45
26.52
18.27
22.40

Age (years)
Less than 25
25-34
35-44
45-54
55-64
65 or older

37.0
16.21
16.37
12.77
7.73
9.95

2
58
37
119
150

0.39
11.39
7.27
23.88
29.47

Education
Less than high school
Completed high school
Associate degree
Some college
Completed Bachelor degree

23.55
22.51
5.92
20.59
17.50

143

28.09

Post graduate work

9.93

49.0
51.0

Income
Income
Less than $15,000
33
6.48
Less than $14,999
15.49
$15,000 - $29,999
47
9.23
$15,000 - $24,999
11.17
$30,000 - $44,999
101
19.84
$25,000 - $49,999
26.9
$45,000 - $59,999
99
19.45
$50,000 - $74,999
19.22
$60,000 - $74,999
76
14.93
$75,000 - $99,999
11.27
$75,000 - $89,999
53
10.41
$100,000 - $149,999
9.64
$90,000 - $104,999
32
6.29
More than $150,000
6.31
$105,000 - $119,999
19
3.73
More than $120,000
49
9.63
a
Aggregate data for Atlanta, Chicago, Denver, Houston, Los Angeles, New Orleans, and New York
(U.S. Census: Demographic Profiles, 2000).
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Table 3.2. Summary statistics and variable definitions
Definition
S1. Biotech foods are reasonably safe for human consumption (1=strongly
disagree, 5=strongly agree)
S2. Biotech crops may have adverse effects on wildlife and the environment
(1=strongly disagree, 5=strongly agree)
S3. Meat products produced using biotechnology are more likely to pose health
risks than foods made from biotech crops (1=strongly disagree, 5=strongly
agree)
S4. Biotechnology benefits society because it allows farmers to produce food
more efficiently (1=strongly disagree, 5 =strongly agree)
There is no need to be concerned about the safety of biotech foods because the
U.S. Food and Drug Administration (FDA) would not let these products be sold
in supermarket if they were not safe (1=strongly disagree, 5=strongly agree)
It is unethical to produce a food using biotechnology (1=strongly disagree, 5=
strongly agree)
Foods labels are needed to show the presence of biotech ingredients, since
consumers could face unknown health risks (1=strongly disagree, 5=strongly
agree)
Consumer awareness of biotechnology (1= not at all informed, 5=very informed)
Sales of biotech foods in local supermarket or grocery store (1=if local
supermarket or grocery store sells biotech foods; 0 otherwise)
Q1. How often do you read the nutritional section of food labels before buying a
ne w product? (1= more than often; 0 otherwise)
Q2. How often do you read the ingredient section of food labels before buying a
new product? (1= more than often; 0 otherwise)
Gender (1= male)
Age1 (1= age group between 18 and 34; 0 otherwise)
Age3 (1= age group more than 55; 0 otherwise)
Infants (1= 0-24 months; 0 otherwise)
White (1= white; 0 otherwise)
Education (1= more than high school; 0 otherwise)
Married (1= married; 0 otherwise)
Income 1 (1= income group less than $29,999; 0 otherwise)
Income 3 (1= income group between $60,000 and $89,999; 0 otherwise)
Income 4 (1= income group more than $90,000; 0 otherwise)
Midwest (1= if residence is in the Midwest; 0 otherwise)
Southeast (1= if residence is in the Southeast; 0 otherwise)
Northeast (1= if residence is in the Northeast; 0 otherwise)

Mean
3.251

Std. Dev.
0.956

3.295

0.953

3.029

0.833

3.436

0.995

2.444

1.160

2.473

1.053

4.155

0.893

2.860
0.310

0.947
0.463

0.807

0.395

0.778

0.416

0.538
0.134
0.407
0.049
0.792
0.882
0.639
0.157
0.253
0.196
0.167
0.301
0.086

0.499
0.341
0.492
0.216
0.406
0.323
0.481
0.364
0.435
0.398
0.373
0.459
0.281

foods are safe for consumption, and biotechnology provides benefit to society by allowing
farmers to produce more efficiently, they are more likely to purchase GM crops. The odds of a
consumer’s intention to buy a GM crop is 8.98 and 3.01 times greater if the individual agreed
with statements S1 and S4, respectively. These results support the hypotheses that food safety
and benefit to society have positive effects on the probability of buying GM foods. However,
consumers who believe that biotechnology is morally wrong are le ss likely to buy GM crops. As
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Table 3.3. Estimation of MNL for crops produced using biotechnology
Variable

In the Market 1)
vs.
Out of the Market 2)
Coeff.(Std.Err.)
Exp(ß)4)
-6.176 (2.331)
0.002
2.195 (0.377)***
8.980
0.068 (0.285)
1.070

In the Market
vs.
Uncertain3)
Coeff.(Std.Err.)
-5.406 (1.481)
1.004 (0.239)***
0.237 (0.175)

Out of the Market
vs.
Uncertain
Coeff.(Std.Err.)
Exp(ß)
0.770 (2.012)
2.160
-1.191(0.320)***
0.304
0.170 (0.250)
1.185

Exp(ß)
Constant
0.005
S1. Biotech Foods are reasonably safe for human consumption.
2.730
S2. Biotech crops may have adverse effects on wildlife and the
1.267
environment.
S3. Meat products produced using biotechnology are more likely to pose
0.060 (0.314)
1.062
-0.031 (0.184)
0.969
-0.091 (0.278)
0.913
health risks than foods made from biotech crops.
S4. Biotechnology benefits society because it allows farmers to produce
1.103 (0.308)***
3.013
0.779 (0.233)***
2.179
-0.324 (0.218)
0.723
food more efficiently.
There is no need to be concerned about the safety of biotech foods because
-0.188 (0.222)
0.829
-0.072 (0.132)
0.931
0.116 (0.205)
1.123
the U.S. Food and Drug Administration (FDA) would not let these products
be sold in supermarket if they were not safe.
It is unethical to produce a food using biotechnology.
-0.898 (0.313)***
0.407
-0.619 (0.171)***
0.538
0.279 (0.262)
1.321
Foods labels are needed to show the presence of biotech ingredients, since
-0.721 (0.268)***
0.486
-0.547 (0.187)***
0.579
0.174 (0.234)
1.190
consumers could face unknown health risks.
Consumer Awareness of Biotech Foods
0.001 (0.001)
1.001
0.001 (0.000)
1.001
-0.000 (0.001)
1.000
Sales of biotech foods in local supermarket or grocery store
0.888 (0.491)*
2.430
0.656 (0.335)*
1.927
-0.231(0.405)
0.794
Q1. How often do you read the nutritional section of food labels before
-0.057 (0.590)
0.955
0.403 (0.416)
1.496
0.460 (0.480)
1.584
buying a new product?
Q2. How often do you read the ingredient section of food labels before
0.770 (0.570)
2.160
0.131 (0.399)
1.140
-0.639 (0.466)
0.528
buying a new product?
Gender (Male=1)
0.815 (0.437)*
2.260
0.400 (0.267)
1.492
-0.415 (0.379)
0.660
Age
Age1 (age group between 18 and 34)
0.442 (0.642)
1.556
0.329 (0.459)
1.390
-0.113 (0.518)
0.893
Age3 (age group more than 55)
0.233 (0.408)
1.262
0.591(0.289)**
1.806
0.358 (0.343)
1.430
Infants ( 0-24 months)
0.007 (0.964)
1.007
-0.478 (0.675)
0.620
-0.485 (0.740)
0.616
White
0.063 (0.474)
1.065
0.040 (0.329)
1.041
-0.023 (0.391)
0.977
Education (More than high school=1)
0.544 (0.621)
1.723
1.085 (0.400)***
2.959
0.541 (0.524)
1.718
Married
0.212 (0.471)
1.236
0.550 (0.282)*
1.733
0.338 (0.410)
1.402
Income
Income 1 (income group less than $29,999)
0.728 (0.539)
2.071
0.842 (0.375)**
2.321
0.114 (0.479)
1.121
Income 3 (income group between $60,000 and $89,999)
0.500 (0.507)
1.645
-0.024 (0.328)
0.976
-0.524 (0.428)
0.592
Income 4 (income group more than $90,000)
0.263 (0.571)
1.301
0.098 (0.372)
1.103
-0.165 (0.518)
0.848
Region
Midwest
0.753 (0.607)
0.123
-0.352 (0.332)
0.703
-1.105 (0.551)**
0.331
Southeast
-0.013 (0.464)
0.987
0.345 (0.315)
1.412
0.357 (0.391)
1.429
Northeast
0.958 (0.842)
2.606
0.105 (0.449)
1.111
-0.853 (0.779)
0.426
*,**,***, indicates estimated coefficient is significant at the 0.10, 0.05, and 0.01 level, respectively. N = 509; Chi-square (χ 2)= 383.302; Log-L=-326.205; 1) means consumers
buy GM foods; 2) means consumers are not buy GM foods; 3) means consumers are not certain about buying GM foods; 4) is odds ratio. Pseudo R-squared: 0.37.
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consumers perceive immorality of biotechnology, the odds of their buying GM crops is 0.41
times lower. This result suggests that morality of biotechnology is an important factor in
determining consumers’ purchase decisions for GM foods. In addition, consumers who require
specific labeling of GM foods, because of concerns over health risks, are less likely to buy GM
crops. The odds ratio that consumers who support GM labeling will also purchase GM crops is
0.49 times smaller. As expected, consumers who believe that their local supermarket or grocery
store sells GM foods have more familiarity with those foods, thus they are more likely to buy
GM foods. The estimated odds of consumers who are aware GM foods are being sold at their
local grocery are 1.93 times more likely to buy GM foods.
Consumers in the Market vs. Consumers Uncertain about Purchasing GM Foods
Results show that consumers who consider GM foods to be unethical, and those who
prefer the labeling of GM foods, are more likely to be uncertain about purchasing them. The
coefficient on education is statistically different from zero at the α = 0.01 significance level, and
has a positive sign. The estimated odds for consumers with more than a college degree buying
GM crops is 2.96 times higher than consumers with a high school diploma, which is consistent
with the findings of Heiman, Just, and Zilberman and Hallman et al. (2003). The estimated
coefficients on Income1 is statistically significant at the α = 0.05 level of significance. High
incomers are more likely to be concerned about GM products than lower incomers (Florkowski
et al.). Income1 has a positive relationship with the probability of buying GM crops. The odds
ratio for the income group less than $30,000 to buy GM crops is 2.32 times greater, compared to
uncertain about purchasing them.
Consumers out of the Market vs. Consumers Uncertain about Purchasing GM Foods
The coefficient on statement S1 is significant at the α =0.01 significance level, and has a
negative sign, which suggests that as consumers consider GM foods to be safe for human
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consumption, they are more likely to be uncertain about buying GM crops relative to not buying.
The estimated odds for individuals agreeing with statement S1 not buying GM crops was 0.30
times lower than the uncertain group. Since the Midwest is the largest producers of GM corn and
soybean, it is expected that consumers who live in the Midwest are less likely to be out of market
about buying GM crops than are Southwestern consumers. The estimated odds for consumers
from the Midwest is 0.33, suggesting that consumers residing in the Midwest are uncertain,
relative to Southwestern consumers, about buying as contrasted with consumers who are
definitely out of the market for GM foods.
Table 3.3 indicates that the most crucial factors influencing purchase intentions for GM
crops are food safety, (S1), and the benefits of GM crops to society, (S4), respectively. This
suggests that consumers have relatively stronger sensitivity to unknown health hazards of GM
foods. In addition, it implies that consumers who believe GM foods are not dangerous for human
consumption, and those who perceive some benefits of biotechnology to society, are more likely
to purchase GM crops. Moreover, the results indicate that ethical issues, and preference for GM
labeling, are also important factors that affect a consumer’s decision not to buy GM crops,
respectively. That is, it is interpreted that consumers have great concerns about violation of basic
principles regarding the relationship between humans and nature. Consumers also have fear
about the long-term effects of releasing risky, unforeseen GM foods into our diets.
Consumer Willingness to Purchase – Meat GM Foods
Consumers in the Market vs. Consumers out of the Market
Consumers’ willingness to buy GM meats is presented in table 3.4. It is expected that if
consumers have higher perceptions of risk of GM meats relative to GM crops, then they are less
likely to purchase GM meats. A negative sign for statement S3, which is statistically significant
at the α = 0.01 significance level, support this notion. The estimated odds of purchasing GM
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Table 3.4. Estimation of MNL for meats produced using biotechnology
Variable

In the Market 1)
vs.
Out of the Market 2)
Coeff.(Std.Err.)
Exp(ß)4)
-2.004 (2.230)
0.135
1.481 (0.347)***
4.397
-0.405 (0.219)*
0.667

In the Market
vs.
Uncertain3)
Coeff.(Std.Err.)
-5.823 (1.775)
0.881 (0.315)***
0.111 (0.173)

Out of the Market
vs.
Uncertain
Coeff.(Std.Err.)
Exp(ß)
-3.819 (1.563)
0.022
-0.600 (0.208)***
0.549
0.516 (0.167)***
1.675

Exp(ß)
Constant
0.003
S1. Biotech Foods are reasonably safe for human consumption.
2.413
S2. Biotech crops may have adverse effects on wildlife and the
1.117
environment.
S3. Meat products produced using biotechnology are more likely to pose
-0.746 (0.247)***
0.474
-0.383 0.186)**
0.682
0.363 (0.186)*
1.438
health risks than foods made from biotech crops.
S4. Biotechnology benefits society because it allows farmers to produce
0.565 (0.307)*
1.759
0.320 (0.274)
1.377
-0.245 (0.186)
0.783
food more efficiently.
There is no need to be concerned about the safety of biotech foods because
0.091 (0.183)
1.095
0.187 (0.144)
1.201
0.096 (0.137)
1.101
the U.S. Food and Drug Administration (FDA) would not let these products
be sold in supermarket if they were not safe.
It is unethical to produce a food using biotechnology.
-0.582 (0.238)**
0.559
-0.454 (0.190)**
0.635
0.129 (0.164)
1.138
Foods labels are needed to show the presence of biotech ingredients, since
-0.699 (0.244)***
0.497
-0.292 (0.187)
0.747
0.407 (0.185)**
1.502
consumers could face unknown health risks.
Consumer Awareness of Biotech Foods
-0.000 (0.001)
1.000
-0.000 (0.001)
1.000
-0.000 (0.000)
1.000
Sales of biotech foods in local supermarket or grocery store
0.517 (0.404)
1.677
0.492 (0.311)
1.636
-0.025 (0.302)
0.975
Q1. How often do you read the nutritional section of food labels before
0.226 (0.514)
1.253
0.207 (0.419)
1.230
-0.019 (0.404)
0.981
buying a new product?
Q2.How often do you read the ingredient section of food labels before
-0.915 (0.464)**
0.401
-0.294 (0.393)
0.745
0.622 (0.372)*
1.863
buying a new product?
Gender (Male=1)
1.144 (0.375)***
3.139
0.692 (0.312)**
1.998
-0.452 (0.263)*
0.636
Age
Age1 (age group between 18 and 34)
0.198 (0.549)
1.219
0.328 (0.472)
1.388
0.130 (0.390)
1.139
Age3 (age group more than 55)
0.587 (0.389)
1.799
0.553 (0.321)*
1.738
-0.034 (0.283)
0.967
Infants( 0-24 months)
1.016 (0.785)
2.762
0.548 (0.625)
1.730
-0.468 (0.625)
0.626
White
1.032 (0.463)**
2.807
0.524 (0.389)
1.689
-0.509 (0.300)*
0.601
Education (More than high school=1)
1.213 (0.567)**
3.364
1.416 (0.462)***
4.121
0.202 (0.403)
1.224
Married
-0.561 (0.388)
0.571
0.289 (0.306)
1.335
0.850 (0.289)***
2.340
Income
Income 1 (income group less than $29,999)
0.564 (0.510)
1.758
1.002 (0.468)*
2.724
0.438 (0.356)
1.550
Income 3 (income group between $60,000 and $89,999)
0.625 (0.453)
1.868
0.555 (0.356)
1.742
-0.070 (0.329)
0.932
Income 4 (income group more than $90,000)
0.738 (0.501)
2.092
0.572 (0.380)
1.772
-0.167 (0.398)
0.846
Region
Midwest
-0.406 (0.504)
0.666
-0.677 (0.376)*
0.508
-0.271 (0.385)
0.763
Southeast
0.019 (0.416)
1.019
0.202 (0.349)
1.223
0.182 (0.294)
1.200
Northeast
-1.636 (0.696)**
0.195
-0.822 (0.657)
0.440
0.814 (0.406)*
2.257
* ,**,***, indicates estimated coefficient is significant at the 0.10, 0.05, and 0.01 level, respectively. N = 509; Chi-square (χ 2)= 338.426; Log-L=-375.124; 1) means consumers
buy GM foods; 2) means consumers are not buy GM foods; 3) means consumers are not certain about buying GM foods; 4) is odds ratio. Pseudo R-squared: 0.31.
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meats are 0.47 times lower when consumers have the perception that there is a greater health risk
associated with GM meat consumption. In addition, moral concerns and statements about GM
labeling are statistically significant at the α =0.05 and 0.01 level and have negative signs,
respectively. These results support our hypothe ses that consumers who believe that
biotechnology causes ethical issues, and those who require labeling of GM foods are less likely
to purchase GM meats. The odds ratio for those two factors is smaller by a multiplicative factor
of 0.56 and 0.50, respectively.
Although not true for the crop model, the results show that the more likely consumers are
to read food labels of new products, the less likely they are to purchase GM meats. This is
supported from a negative sign and 0.40 odds ratio of consumer use of foods labels variable.
Consistent with the expectations, male respondents are significantly related to the probability of
purchasing GM meats, suggesting less concerns about food safety issue relative to female. A
possible explanation for this is that fe males are more likely to make food choices for married
households than males. The odds of buying GM meats for males are about 3.14 times higher than
the odds for female. The difference between white and nonwhite turned out to be significant in
meats model at the α = 0.05 significance level. As expected, the estimated odd for whites is 2.81,
indicating that the odds for whites to purchase GM meats rather than not purchasing is 2.81 times
higher. As expected, results show that consumers with education level of more than college are
more likely to buy GM meats, which is also consistent with other studies (Hossain et al.; Hill et
al.; Hoban and Katic; Hallman et al., 2003). Consumers residing in the Northeast have more
unfavorable preferences about buying GM meats, compared to consumers in the Southwest. The
odds that consumers from the Northeast purchase GM meats decreases by 0.20 times compared
to consumers from the Southwest region.

41

Consumers in the Market vs. Consumers Uncertain about Purchasing GM Foods
The results showed that if consumers believe GM foods are safe, they are more likely to
buy them, as anticipated. The coefficient on statement S1 is positive and significant at the

α =0.01 significance level. The estimated odds for individuals agreeing with statement S1 to
purchase GM meats is 2.41 times higher than not purchasing them. In addition, it is expected that
consumers’ trust in the FDA as a regulatory agency for GM foods has a positive effect on the
probability of buying those foods. Table 3.4 shows that a coefficient on trust in the FDA has the
expected positive sign, but it is not statistically significant. It is anticipated that older respondents
are less likely to buy GM food. Contrary to the expectation, the results show that the odds ratio
for consumers with age group more than 55 to buy GM meats increases by a multiplicative factor
of 1.74.
Consumers out of the Market vs. Consumers Uncertain about Purchasing GM Foods
The estimated coefficient on statement S3 is statistically significant at the α =0.10
significance level, and has a positive sign. This result supports a research hypothesis that as
consumers perceive greater health risk from GM meats than GM crops, their probability of
buying GM meats decreases. The estimated odds for statement S3 suggests that the odds for
consumers agreeing with statement S3 not to buy GM meats are 1.44 times greater than
uncertain. Results reveal that the marital status has a significant effect on consumer purchase
intention of GM meat products. The coefficient of the married is statistically different from zero
at the α =0.01 level. The odds for the married are 2.34 times greater than single. An interesting
result from table 3.4 is that consumers in the Northeast are less likely to buy GM meats
compared to consumers residing in the Southwest. This suggests that consumers living in the
Northeast have different information sources and different lifestyles, so they are more likely to
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buy GM-free meats. This result is consistent with Lin’s study, which showed that individuals
residing in the Northeast have more concerns about food safety.
Table 3.4 indicates that the main factors to influence consumers’ willingness to buy GM
meats are food safety, S1, and benefits of biotechnology to society, S4, which are the same as in
GM crops. When consumers decide not to buy GM meats, crucial factors are their concern about
adverse effects on wildlife and the environment, S2, and their fear about unk nown health risks of
GM foods. One of the research hypotheses was that respondents with relatively high levels of
confidence in the United States Food and Drug Administration (FDA) as a regulatory and
inspection agency of GM foods are more likely to buy GM foods. However, somewhat
surprisingly, the research hypothesis was not supported by the present study.
Some noteworthy findings of the study are that the key factors that make consumers
undecided for GM crops and GM meats instead of buying them are unknown health risks, and
greater risk of GM meats relative to GM crops, respectively. It is interpreted that consumers are
yet to be convinced that GM crops are safe for human consumption though they are able to see
several benefits. That is, consumers recognize that risks of GM crops outweigh the benefits. In
addition, as consumers believe that GM meats are more likely to pose health risks than GM
crops, they are uncertain or undecided about purchasing GM meats. The result gives us an
inference that as gene transfer is more drastic, the more likely consumers would notice the risks.
Thus, transferring genes from animals to plants and animals to animals are perceived riskier than
transferring genes from plants to plants. On the other hand, a main factor that makes consumers
undecided regarding GM crops and GM meats rather than not buying them is safety for human
consumption. This suggests that if consumers are convinced that eating GM foods is not harmful
for their health, then there is great potential to change their purchase intention.
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Socioeconomic/demographic variables are included in the model to control for
differences in consumer-specific characteristics on willingness to buy, even though there is no
theoretical basis. Results from table 3.3 and 3.4 indicate that male, white, and respondents with
at least college education are less likely to be concerned about purchasing GM foods than are
female, non-white, and respondents with no more than a high school diploma. However, the
study shows that many of the socio-demographic variables, especially for GM crops, are not
statistically significant, which is consistent with previous studies (Lusk and Fox; Baker and
Burnham; Huffman et al., 2003).
V. Conclusions
This study conducted a national survey to investigate the effects of consumers’
risk/benefit beliefs on willingness to buy GM foods. Consumer purchase intention of GM foods
was hypothesized to be related to their beliefs toward GM foods. The study examined that
various attribute beliefs associated with GM foods are key factors to explain consumers’
purchase intentions toward them, and found that the qualitative factors of risk/benefit
significantly influence consumer acceptance of GM foods.
From the analysis of the study, a few notable conclusions may be drawn. Depending upon
product types, consumers showed different levels of risk perceptions. The research hypothesis
that risk sensitivity in GM meats is greater than that in GM crops is supported. Results from four
belief statements demonstrate that when consumers are willing to buy GM foods, most of the
odds ratios for GM crops are greater than those for GM meats. On the other hand, when
consumers are unwilling to buy GM foods, most of the odds ratios for GM meats are greater than
those for GM crops. This implies that consumers are generally less willing to purchase GM
meats relative to GM crops. Thus, the hypothesis that consumers are more concerned about GM
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meats relative to GM crops is supported. This finding is consistent with prior studies (Espey;
Frewer et al.; Hallman et al., 2004; Hossain and Onyango; Macnaghten). In addition, the study
reveals that when consumers are willing to buy, the crucial factor to affect their purchase
intention on both GM crops and GM meats was the food safety issue. On the other ha nd, when
consumers decide not to buy, the ethics issue and concerns about side effects of GM foods on
wildlife and the environment were important factors for GM crops and GM meats, respectively.
Among several socio-demographic variables, education and region are distinguishing
variables. Results of the study suggest that highly educated consumers are more knowledgeable
and have a better understanding about biotechnology and GM foods since they are more likely to
be exposed to news or reports on those foods. Thus, well-educated consumers may have a better
ability to evaluate media reports of GM foods. The implication of a regional factor implies that
unfavorable attitude about willingness to buy GM meats from Northeast respondents reflect
possible differences in media exposure and differences in the lifestyles of respondents residing in
these areas. Since it is recognized that lifestyle has a significant influence on consumer purchase
intention of GM foods, the implication of these lifestyle differences would make this a
potentially important area for future investigation.
The study conclude that beliefs regarding health risk, ethics, and adverse effect on
wildlife and the environment are significant determinants of consumer purchase intention of GM
foods. Ba sed on the findings, the study provides two important implications for government and
policy- makers as well as for producers and marketers of GM products in terms of improving
consumer acceptance of GM foods. First, there exists mixed information about biotechnology
and GM foods from various sources, such as government, biotech industry, consumer and
environmental groups, and scientists and academics. Consumers’ beliefs about GM are formed
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from diverse sources of information. Among those primary sources of information, scientists and
academics without any financial interests in GM are regarded as a knowledgeable independent
third-party source about GM (Huffman et al., 2004). The study by Huffman (2003) showed that
when a participant acquired GM information from a third-party source, the probability of the
consumer being out of the market for GM foods is decreased. This suggests that information
from third-party source reduces the effect of negative information supplied by consumer and
environmental groups. Thus, the study proposes that when third-party information of GM is
offered to consumers, their beliefs about GM become positive, ultimately causing their positive
purchase intention of GM foods. Second, media is considered as a secondary source of
information about GM. Our argument is that consumers receive a substantial amount of
information through media, and the information is more focused on negative information and
potential hazards. As a result, there is a greater likelihood that consumers’ beliefs toward
biotechnology and GM foods are shaped from negative information emphasized in the media.
However, negative beliefs concerning biotechnology are mitigated by making consumers
informed choices (Moon and Balasubramanian), suggesting that as consumers become more
knowledgeable about biotechnology, their perception of risks decreases. Thus, the present study
suggests that if consumers are provided balanced and sound information to make informed
choices, then their beliefs about GM foods would improve, eventually leading to more
acceptability of GM foods among consumers.
A limitation of the present study is that only the seven largest metropolitan regions of the
United States were surveyed. Purchasing behavior of individuals residing in rural areas of the
United States may differ from those living among urban consumers. Future research should focus
on sampling a more diverse group of consumers. Another limitation is that most respondents in
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the present study have either some college, or higher level of education. Less educated
consumers may show different purchasing behavior relative to the highest educated consumers.
In addition, the low response rate may lead to nonresponse bias. For example, consumers
responding to the survey are more likely to be interested in GM foods relative to nonrespondents,
and thus more sensitive to the risks and benefits of biotechnology relative to the general
population. This may lead to an upward bias in the estimates of consumer intention toward
purchasing decision of GM foods. Finally, it would be worthwhile that future research
investigates in greater depth how consumer acceptance of GM foods products is influenced by
trust in institutions, perceived benefits and risks on human health and the environment, and
ethics.
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CHAPTER IV
CONSUMER VALUATION OF SECOND GENERATION GENETICALLY MODIFIED
(GM) FOODS WITH A BENEFIT DISCLOSURE
The present study is different from the previous study in three ways. First, most of the
literature has dealt with consumer willingness to pay (WTP) for non-GM foods. The first
generation of GM foods offers benefits primarily for producers and the environment. However, a
second generation of GM foods providing benefits to consumers is just around the corner. To
date, none of quantitative studies have examined linkages between a consumer’s risk/benefit
beliefs about GM foods and WTP for those foods with benefit disclosure. Second, the study
utilizes a series of diagnostic measures to appraise internal consistency of theoretical concepts,
such as beliefs, attitudes, and intentions. Third, the contingent valuation method (CVM) for the
study is used to elicit consumers’ WTP a premium for GM foods. To prevent hypothetical bias
stemming from the hypothetical nature of questions presented to respondents, a follow-up
certainty question with adjustments and “cheap talk”, are employed. (Cummings and Taylor;
List; Lusk; Aadland and Caplan; Champ et al.; Champ and Bishop; Poe et al.). Based on a review
of the literature, none of the studies have used both methods at the same time.
Assuming that consumers’ WTP may differ depending on the type of product, the GM
products chosen for the study are potatoes with more nutrition value; and a beef product
containing less fat and lower cholesterol compared to typical potatoes and beef. Given that
potatoes and beef are staple foods, it is assumed that most consumers are familiar with the
conventional foods.
I. The Theoretical Framework
When analyzing consumer intentions, an important question is what factors cause
intention development. The presumption is that beliefs are key elements in forming attitudes,
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intentions, and eventually influencing behavior. Beliefs represent the base set of information that
a consumer has about an object or concept (Fishbein and Ajzen). Thus, beliefs describe all
thoughts that a consumer has about GM foods in association with various attributes, and beliefs
play an important role in forming attitude mediating intention (Moon and Balasubramanian,
2004; Bredahl; Grove and Douthitt; Kinnucan and Venkateswaran; Mitchell and Olson).
According to Fishbein’s multi-attribute model, a person’s attitude toward any object is a
function of his/her beliefs about the object and the implicit evaluative responses (or aspects)
associated with those beliefs (Fishbein). Engel, Blackwell, and Kollat defined attitude as “a
learned predisposition to respond consistently in a favorable manner with respect to a given
alternative” (p. 388). Thus, attitude refers to consumers’ favorable or unfavorable evaluations of
GM foods, and attitude formation is closely related to consumer evaluation of GM foods. A
consumer’s attitude toward GM foods, following Fishbein’s theory, is a function of the strength
with which a consumer holds beliefs (i.e., his/her subjective probability that GM foods are
related to specific attributes) and of his/her positive or negative evaluation of each attribute. The
strength of belief associated with a given attribute is multiplied by the consumers’ positive or
negative evaluations of the attributes involved. The belief effects are then summed across all
N

attributes. Algebraically, it is hypothesized that A = ∑ Bi a i , where A = consumer’s total
i =1

attitude toward GM foods, Bi = the consumers’ belief regarding attribute ‘i’, ai = the evaluative
aspect of Bi, and N = the number of beliefs. Beliefs and their evaluative aspects are acquired via
a consumer survey. Intention indicating a certain amount of affect toward an object is defined as
“the subjective probability that beliefs and attitudes will be acted upon” (Enge l, Blackwell, and
Kollat, p. 388). While attitude is viewed as a general predisposition that does not predispose the
person to perform any specific behavior, intention is related to a specific behavior.
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Past studies have demonstrated that consumer beliefs not only have a major mediating
effect in shaping their attitudes, but also beliefs are influenced by socio-demographic
characteristics (for example, Moon and Balasubramanian, 2004; Grove, Douthitt, and Zepeda;
Kinnucan and Venkateswaran; Mitchell and Olson; Lin). In addition, a few previous studies
suggest that various socio-demographic factors influence information acquisition, consequently
attitudes and behavior (for example, Nayga; Florkowski et al.; Ippolito and Mathios; Park, Lyer,
and Smith). Thus, based on attitude theory and previous studies, we hypothesize that attitude is
affected by both the information available to consumers, and consumers’ beliefs about GM
foods. To accomplish the objectives of the study, the choice process model by Engel, Blackwell,
and Kollat is used as a conceptual basis for our model specification.
The theoretical framework for the analysis is presented in figure 4.1. Overall, the same
theoretical model as in chapter III is employed. Differences between figure 3.1 and 4.1 are that

INFORMATION
• Subjetive knowledge
• Objective knowledge
• Frequency of food label use
• Purchase of organic foods
• Trust in GM institutions
• Socio- demographics

NORMATIVE COMPLIANCE
• Morality

BELIEFS
• Health and environment benefits of
GM foods
• Health and environment risks of GM
foods

ATTITUDE
• General predisposition of GM
Foods
INTENTION
• Willingness to buy GM foods
• Willingness to pay a premium for
GM foods with a benefit disclosure

Adapted from Engel et al., 1978

Figure 4.1. A theoretical model of explaining willingness to pay (WTP) a premium for GM
foods.
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knowledge variables and purchase behavior toward organic foods are added to the information
module in figure 4.1. The awareness and sales of GM food in local supermarket variables are
omitted from the revised model. In addition, consumers’ general predisposition in attitude and
WTP a premium in intention are used for the analysis.
Figure 4.1 shows a consumer’s cognitive process for WTP for GM foods. Consumers’
WTP regarding GM foods is determined by his/her intention, which is hypothesized to be the
determinant of behavior. The model depicts a basic framework for how consumers’ WTP a
premium for GM foods is affected by various types of information, which have a direct effect on
consumer attitude and an indirect effect via the belief system. In addition, figure 4.1 shows a
recursive (or sequential) linkage between beliefs, attitudes, and intention. Beliefs comprise 2
factors, benefits and risks perceptions of GM foods regarding the health and environment. For
attitude toward GM foods, consumers’ general predisposition with respect to them is explored.
Perceived morality directly influences consumer intention to pay a premium for GM foods.
Finally, a consumer’s WTP a premium for GM foods is a function of attitude.
It is assumed that consumer’s knowledge is closely related to his/her level of education
achieved. If consumer’s education level is high, then his/her knowledge is also high. Thus, it is
hypothesized that subjective and objective knowledge is positively related to WTP (Hossain et
al.; Hill et al.; Hoban and Katic). Subjective knowledge based on the perceptions is expected to
have a stronger effect on WTP than objective knowledge. It is assumed that consumers who
frequently read food labels while shopping and often purchase organic food are more likely to be
aware of health concerns, suggesting a positive relationship with WTP for GM food with
beneficial attributes. It is believed that consumers have little knowledge regarding GM foods
(Hallman et al., 2004 and 2003). To deal with this lack of knowledge, consumers are more likely
to rely on institutions that provide information about GM foods. As consumers have a high
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degree of trust in GM institutions, they are more likely to perceive positive aspects of GM foods
than those who have a low degree of trust in them. Accordingly, the study proposes that the level
of trust directly affects attitudes, and has an indirect effect on attitude through beliefs held by
consumers. It is hypothesized that when consumers trust GM institutions, they are more likely to
be willing to pay for GM foods with enhanced attributes.
On the other hand, some signs for socio-demographics are uncertain, but some of them
are expected based upon the previous findings. It is assumed that consumers residing in urban
areas have relatively easy access to information and media reports about food safety and GM
foods, compared to non-urban consumers. Assuming that consumers are provided objective and
correct information about GM foods, it is hypothesized that the participation in the market and
the amount of premium are positively influenced by the urbanization. In addition, Nayga
suggests that non-white races have lower newspaper and magazine readership rates than whites.
This may suggest that whites have better knowledge and understanding of biotechnology than
other non-white races. Thus, a positive sign is expected between whites and the amount of
premium. Based on past studies (Hossain et al.; Sheehy, Legault, and Ireland; Hoban and Katic),
it is anticipated that respondents with more than college level of education are more likely to pay
a premium for GM potatoes than respondents without a college degree.
It is hypothesized that as consumers recognize the benefits of GM food for health and the
environment, they are more willing to pay a premium for GM food. On the other hand, a
negative sign is expected between consumers’ level of risk perceptions of GM food and their
WTP. If consumers have a favorable attitude toward GM foods, it is predicted that they are more
likely to pay a premium. There exist perceived social influences on purchase intentions toward
GM foods. For example, religious groups raise morality concerns about GM foods, saying
humans should not invade the realm of God (Hallman and Metcalfe; Hallman et al., 2002).
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Consumers have motivation to either act on those beliefs or not. Some are more likely to respond
than others. Consumer sensitivity to social pressures is a factor in a consumer’s personality
makeup. That is, consumers’ perceived morality about GM foods reveals personal norms, which
is explained by the choice model of Engel, Blackwell, and Kollat explaining the relationship
between beliefs, attitudes, and intentions (p. 480). In addition, a few past studies examined the
impact of moral obligation on behavioral intentions for food-related behaviors and towards GM
foods (Raats, Shepherd, and Sparks; Sparks, Shepherd, and Frewer). Thus, based upon the choice
model and empirical findings, it is hypothesized that perceived morality negatively influences
consumer purchase intention directly, and not through attitude. It is anticipated that as consumers
believe that GM goes against nature, they are less likely to pay a premium.
II. Empirical Model
The standard regression method results in biased parameter estimates when survey data
are composed of a substantial portion of zero observations (Amemiya). In addition, deleting zero
values results in a loss of efficiency. To prevent such problems, a model which considers the
censored nature of data should be specified. Thus, among the several censored regression
models, the tobit model and a more flexible parameterization to the tobit model, Cragg’s double
hurdle model, are employed for the study.
It is assumed in the study that there are two reasons for a large number of zero values on
WTP a premium for GM foods: i) consumers are not willing to pay a premium for GM foods
(nonparticipation in the market); and ii) consumers do not pay a premium for GM foods at their
current income level (corner solution). The tobit model assumes that a zero observation is
attributable to only economic factors, such as prices and income levels (corner solution) (Jensen;
Newman, Henchion, and Matthews). In addition, the tobit model supposes that the decision to
participate in the market is the same as the decision about the amount of the premium to pay.
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This implies that any variable that increases the probability of nonzero value must also increase
the conditional mean of the positive values. This strong restriction may not be appropriate for
WTP a premium for GM foods. On the other hand, the double hurdle model allows the variables
to affect the participation and the quantitative premium decisions separately. The double- hurdle
model generalizes the tobit model in that even though consumers may have positive perceptions
toward GM foods with direct benefits, impediments to pay a premium for those foods, due to
food safety and environmental concerns besides the budget constraint, may prohibit WTP a
premium. This recognition leads to the modeling of consumer behavior in two stages: i) based on
hindrances to buy GM foods and pay a premium, consumers decid e whether or not to buy GM
foods and pay a premium for more nutritious GM potatoes and for GM beef containing less fat
and lower cholesterol; and ii) according to the intensity of the desire for the GM foods, the
consumers decide on how much premium to pay for those foods.
A specification test employing a likelihood ratio statistic for the tobit model and the
double hurdle model is performed to decide which model is more consistent with the
fundamental consumer behavior for GM potatoes and GM beef.
The tobit model developed by Tobin is represented as

(4.1)

y* = x' β + ε i
i
i
yi = 0 if y* ≤ 0,
i
*
yi = y if y* > 0.
i
i

where y*i represents the optimal premium level of the ith consumer for GM potatoes and GM
beef after deciding their willingness to buy GM foods, and it can be interpreted as the solution to
a utility maximization problem. The dependent variable ( y*i ) can take on negative values, but
values of y*i less than zero are unobserved. In the present study, yi is the ith consumer’s observed
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premium for GM potatoes and GM beef that he/she is willing to pay, and yi is censored at zero.
The error term ( ε i ) is independently, identically, and normally distributed with zero mean and
variance equal to σ 2 . The observed variable yi , in terms of willingness to buy GM foods, is rated
on a 5-point Likert scales, which varies from strongly disagree to strongly agree. A summated
rating scale is formed, by summing respondents’ scores on 5 items, and an average score is
obtained ranging from 1 to 5. Then, ‘agree’ and ‘strongly agree’ responses are treated as a ‘yes’
for willing to buy GM foods. xi is a vector of explanatory variables including information,
beliefs, attitude, and normative compliance explained in the theoretical model.
It is assumed that latent constructs, such as information, beliefs, attitude, normative
compliance, and intention, are not observable and directly measured. Instead, these latent
variables can be observed via other direct observable proxy indicators. To measure each latent
variable, multiple indicators that measure the same concept into a single variable are summated,
and the average score of the variables is used as a replacement variable. This summated scale
provides a specific advantage. It offers a means of overcoming to some extent the measurement
error in the estimation process occurring from abstract or theoretical concepts, thus increases the
reliability (Hair et al.). In addition, to make sure whether respondents tend to take similar
positions on all of the items, the data value of a variable in items with negative direction is
reversed (i.e. go from negative to positive). For example, as shown in table 4.1, the first and third
items in acceptance of GM foods are reverse recoded. The second item in willingness to buy GM
foods also reverse recoded.
The reliabilities of the multi- item scales used to estimate each latent variable are
presented in table 4.1. Because the construct reliability is a closer approximation of reliability, it
is preferred over Chronbach’s alpha. If the construct reliability value is higher than 0.6, it implies
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Table 4.1. Additive scales used in the analysis
Knowledge (Construct Reliability =0.84; range=1 to 5)
1. Transferring genes from animals to plants is scientifically possible.
2. Tomatoes that have been genetically modified with a fish’s genes will have a fishy taste.
3. Genetically modified potatoes contain genes while ordinary potatoes do not.
4. Eating GM foods will not modify a person’s genes.
5. Genetically modified crops are the same as cloning.
Health and Environment Benefits of GM Foods (Construct Reliability =0.89; range =1 to 5)
1. GM foods can lower your risk of heart disease and some types of cancer.
2. GM crops are beneficial to your health since they lead to foods with less chemical residue.
3. GM crops benefit society because they lower the farmer’s production costs.
4. GM crops benefit consumers because they lower food prices.
5. GM crops are beneficial to society because they help solve food shortages in less developed countries.
6. GM crops are beneficial to the environment because they allow farmers to use fewer herbicides and pesticides.
7. GM crops are beneficial because they lead to adoption of more environmentally friendly farming systems.
8. GM crops are beneficial because they result in increased soil moisture retention, decreased soil erosion, and
pesticide run-off.
9. GM crops are beneficial to the environment because they lead to farming systems that improve air and water
quality.
10. GM crops are beneficial because they increase the availability of habitat and ground cover for wildlife.
Health and Environment Risks of GM Foods (Construct Reliability = 0.88; range=1 to 5)
1. GM foods may be harmful to people having allergic reactions to particular foods.
2. GM foods should be separated from ordinary foods to prevent contamination.
3. GM foods can have unforeseen harmful affects on human health.
4. GM crops with antibiotic-resistance genes pose health risks for humans since they may reduce the effectiveness
of beneficial antibiotics.
5. GM foods pose a health risk since they have traits that may not be detected through normal testing of foods.
6. The herbicides used with some GM crops kill plants that are beneficial to wildlife.
7. GM crops are harmful to the environment because they can cross pollinate with non- GM crops.
8. GM fish are harmful to the environment because they compete with wild fish for food and mating partners.
9. GM crops are harmful to the environment because they kill useful microorganisms in the soil.
10. GM crops threaten indigenous plants and animals .
Morality (Construct Reliability =0.88; range=1 to 5)
1. Genetic modification violates the basic principles regarding the relationship between humans and nature.
2. Genetic modification is like playing God.
3. Humans have a duty to respect nature and animal welfare.
4. Creating GM plants and animals is morally wrong.
5. GM crops go against nature.
Trust in GM Institutions (Construct Reliability =0.75; range=1 to 5)
1. how much do you trust the information they provide regarding the safety and nutritional aspects of GM foods?
2. How much do you trust the following institutions to protect wildlife and the environment from potential harmful
effects of genetically modified crops?
3. How much do you trust the following institutions regarding testing, inspection, and regulation of GM foods?
a. Government agencies
b. Consumer and environmental groups
c. Food and agribusiness companies
d. Scientists and academics
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Table 4.1. continued.
Acceptance of GM Foods (Construct Reliability =0.82; range =1 to 5)
1. Labels that disclose the presence of GM ingredients are necessary to differentiate regular foods from GM foods.
(Reversed)
2. Risks associated with GM foods are acceptable.
3. I am afraid of eating GM foods. (Reversed)
4. The potential risks from GM foods have been greatly overstated.
5. The benefits of GM foods outweigh the risks.
Willingness to Buy GM Foods (Construct Reliability =0.94; range =1 to 5)
1. I have no problem with buying GM foods.
2. I avoid buying GM foods. (Reversed)
3. I would be willing to buy a GM tomato with enhanced nutritional value.
4. I would be willing to buy GM foods if they were less expensive.
5. I would be willing to buy vegetable oil made of genetically modified soybeans.

that construct reliability is acceptable with a high degree of internal consistency (Fornell and
Bookstein). As can be seen in table 4.1, all of the multi- item scales demonstrate a relatively high
degree of internal consistency.
The log- likelihood for equation (4.1) is given by:
(4.2)

ln L =
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x'iβ
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[log(
2
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]
+
ln[
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(
)]
∑
∑
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yi = 0

The first term on the right-hand side of equation (4.2) represents the contribution of the non limit
observation to the log likelihood function, while the second term represents the contribution of
the limit observation.
The double hurdle model developed by Cragg is specified as follows
d i = z 'iθ + ηi
yi = xi β + ε i
*

(4.3)

'

yi = y*i if di > 0
yi = 0 if d i ≤ 0

where y*i and yi are previously defined, and d i represents the decision of whether to buy GM
foods and pay a premium. It is assumed that only the sign of d i , as a latent indicator, is observed
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and y*i is observed only when d i is positive. z i is a vector of explanatory variables in the
decision stage. The error terms, ηi and ε i , are independently and normally distributed with zero
means and constant variances (1, σ 2 ). In the tobit model, the same variables ( x i ) and parameters
(β ) describe the decision of whether to buy a GM food and pay a premium, and of how much to
pay. In the double hurdle model different sets of variables ( z i , x i ) and parameters (θ,β ) explain
the two decisions. As economic theory provides little guidance as to which variable should
appear in the first and second hurdle, the approach followed has been to include the same set of
variables in both decisions.
The log likelihood function for an equation (4.3) is

ln L =
(4.4)
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III. Data and Questionnaire
A similar survey to the one administered in chapter III was used in this analysis.
However, there are some differences between the two surveys. A main difference is that the
multiple questions for each concept, such as beliefs, attitude, etc., are asked to decrease
measurement error for this study. In addition, to measure respondents’ trust in GM institution,
only FDA is cited in the previous survey, but four different GM institutions are presented to
respondents in this study. Employing CVM, this survey elicits consumers’ willingness to pay a
premium for GM foods with benefit disclosure. The survey in chapter III applied to consumers
who reside in urban areas of the U.S., rather than most of U.S. consumers. On the other hand, the
data analyzed in this study were collected in a stratified random national survey of 4,000
households, which was conducted in July of 2005. Each subject was mailed a survey package.
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The packet with a postage-paid return envelope includes a letter which briefly explains the
purpose of the survey, encourages their participation, and provides background information
about genetic modification. A replacement questionnaire was sent to non-respondents three
weeks after the initial mailings. The questionnaire and samples of two cover letters used in the
initial and second mailing are presented in Appendix 2.
A representative sample is always of concern to the researcher. Thus, to represent current
U.S. population distribution, the sample was stratified by four geographic regions according to
the U.S. census bureau in 2003; Northeast, Midwest, South, and West. The number of
questionnaires sent to each region is as follows; Northeast 799 (19.0%), Midwest 920 (22.9%),
South 1,400 (35.6%), and West 880 (22.5%). Of the 3,999 surveys mailed, 490 were returned,
yielding an overall response rate of 12.3%. After discarding the incomplete or otherwise
unusable surveys, there were 393 usable responses for a response rate of approximately 10
percent. The willingness to pay was elicited with an open-ended question as part of a mail
survey. A “cheap talk” script and follow- up certainty questions are also presented in Appendix 2.
The study used 80% as the cutoff certainty values.
IV. Results
The profiles of respondents based on the survey results are presented in table 4.2. As
shown in table 4.2, our sample has a lower percentage of females and is relatively older
compared to the U.S. population. A significant difference between the study’s sample and the
U.S. population is the level of education attained. Even though our sample’s demographic
makeup is not equivalent to the U.S. socio-demographic characteristics, it does not differ
substantially. The survey sample provides an enough representation of U.S. population to be
statistically reliable (U.S. Census Bureau: 2000 and 2003). Thus, we can make rational
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Table 4.2. Stratification categories and descriptive statistics of sample and U.S.
populationa
Characteristic
Sample Number
Sample (%)
U.S. Census (%)
Gender
Male
233
59.4
49.1
Female
159
40.6
50.9
Age(years)
18 - 24
3
0.8
9.8
25 - 34
39
10.0
13.8
35 - 44
55
14.1
15.6
45 - 54
96
24.6
13.9
55 - 59
70
17.9
5.2
60 - 64
37
9.5
4.0
65 or older
90
23.1
12.3
Income
Under $15,000
25
7.0
15.9
$15,000 - $24,999
31
8.7
13.3
$25,000 - $34,999
44
12.3
12.4
$35,000 - $49,999
58
16.2
15.4
$50,000 - $74,999
84
23.5
18.4
$75,000 - $99,999
58
16.3
10.8
$100,000 and over
57
16.0
13.8
Race
White
344
88.4
80.7
Non-White
45
11.6
19.3
Marital Status
Married
267
68.5
58.9
Single
123
31.5
41.1
Education
Less than high school
12
3.1
15.9
High school (or equivalency)
57
14.7
32.1
Technical or some college
94
24.3
17.0
Associate degree
33
8.5
8.3
Bachelor degree
96
24.7
17.7
Advanced degree
96
24.7
9.0
Living Area
Rural area
98
25.2
21.0
Urban areab
291
74.8
79.0
Regions
Northeast
63
16.0
19.0
Midwest
98
25.0
22.9
South
138
35.1
35.6
West
94
23.9
22.5
a
Data in the fourth column obtained from the Statistical Abstract of the United States (U.S. Census Bureau:
2000 and 2003).
b
Included suburban area.
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inferences about the population from the sample.
Construct reliability values for 7 constructs range from 0.75 to 0.94, implying an
acceptable degree of internal consistency (Fornell and Bookstein). In addition, summary
statistics and data descriptions are provided in table 4.3. The independent variables included
subjective and objective knowledge of GM foods, trust in GM institutions (i.e. government
agencies, consumer and environmental groups, biotech industry, and scientists and academics),
risk/benefit perceptions, etc. Tables 4.4 and 4.5 present the results for the tobit and the double
hurdle model for GM potatoes with a higher nutritious value, and GM beef containing less fat
and lower cholesterol than conventional products. The double hurdle model is a combination of
the probit model in the first stage and the truncated model in the second stage. The tobit results
appear in the first column, and the probit results for the yes/no willingness to buy and WTP
appear in the second column. The truncated normal estimations for the nonzero paying premium
decisions are in the third column. The second and third columns represent the alternate two-step
WTP decision process. In the tobit model, both the decision of whether to be willing to buy GM
foods and to be willing to pay a premium, and how much to pay a premium are captured in the β
parameters. On the other hand, in the double hurdle model the participation in the market is
embodied in θ, and β embodies the second decision of WTP premium.
The first test was whether to accept the null hypothesis that θ = β /σ. As the tobit model is
nested within the double hurdle model, the null hypothesis can be used to test the tobit
specification against the double hurdle. If the restriction is valid and it is not imposed, the
estimates are inefficient but the results are still statistically correct. If the restriction is not valid
and tobit is used, parameter estimates are incorrect and inferences can be misleading (Haines,
Guilkey, and Popkin). If the null hypothesis is accepted, the tobit special case is accepted and
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Table 4.3. Summary statistics and variable definitions
Variable
Description

Mean Std. Dev.

Sub_Knowledgea
Obj_Knowledgeb
Benefits c
Risks d
Moralitye
Acceptancef
Trustg
Food_Label
Org_Food

Subjective knowledge of GM foods
4.142
2.490
Objective knowledge of GM foods
2.641
1.644
Benefits of GM foods on the health and environment
3.191
0.635
Risks of GM foods on the health and environment
3.114
0.674
Morality issue of GM foods
3.019
0.881
General predisposition of GM foods
2.774
0.776
Trust on GM institutions
2.802
0.784
Frequency of reading food label (1=never, 5=all of the time)
3.929
1.027
Frequency of purchasing organic foods (1=never, 5=all of the 2.571
0.891
time)
Northeast
Northeast (1= if residence is in the Northeast; 0 otherwise)
0.160
South
South (1= if residence is in the South; 0 otherwise)
0.351
West
West (1= if residence is in the West; 0 otherwise)
0.239
Rural
Rural (1= if residence is in the rural area; 0 otherwise)
0.252
Urban
Urban (1= if residence is in the urban area; 0 otherwise)
0.231
Gender
Gender (1= male)
0.594
Married
Married (1= married; 0 otherwise)
0.685
Age18_34
1= age group between 18 and 34; 0 otherwise
0.108
Age35_59
1= age group between 35 and 59; 0 otherwise
0.567
White
1= white; 0 otherwise
0.884
More_College
1= more than college; 0 otherwise
0.822
Inc_less $24,999
1= income group less than $24,999; 0 otherwise
0.157
Inc_more $75,000 1= income group more than $75,000; 0 otherwise
0.322
a
Subjective knowledge of GM is measured by consumer’s self reporting. Respondents are asked how knowledgeable
they are about GM foods on 1 through 10 scales.
b
Objective knowledge of GM is rated on five true-false items. The five items are added together to create an
objective knowledge scale which ranges from 0 to 5, where 0 represents a respondent who does not answer any of
five questions correctly, and 5 represents a respondent who answers all five questions correctly. Don’t know
responses are coded as wrong responses.
cd
Benefits and risks associated with GM foods consist of 5 items on the health and 5 items on the environment. The
items are assessed on 5-point Likert scales, strongly disagree-strongly agree scale. Then, we formed a summated
rating scale, by summing respondents’ scores on all 10 items, and obtained average score ranging from a low of 1 to
a high of 5.
ef
Respondents were asked to rate on a scale of 1 to 5 (with 1 corresponding to strongly disagree and 5 corresponding
to strongly agree) their level of morality and acceptance of GM foods with 5 items, respectively. In calculating the
index, the responses to the first and third question in acceptance of GM foods were inverted so that a low number
corresponded to less acceptance of those foods and a high number corresponded to more acceptance, to be consistent
with other items. The answers to all five items were then summed and averaged for each respondent to generate the
morality and acceptance variables.
g
Trust in GM institutions is measured on 5 scales, where 1 indicates no trust at all and 5 represents a very high
degree of trust. We formed a summated rating scale, by summing respondents’ scores on all 12 items, and obtained
average score ranging from a low of 1 to a high of 5.

tobit estimation can be used to investigate WTP premiums for GM potatoes and GM beef. The
null hypothesis is tested using a likelihood ratio statistic, λ = -2 [ln LTobit - (ln LProbit + ln
LTruncated)]. The null hypothesis is accepted at the 0.05 level (χ2 df=22 is 33.92) for GM potatoes,
but rejected for GM beef. That is, the decision to buy GM foods and pay a premium, and the
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amount of the premium are based on the same decision-making structure for GM potatoes, but
not for GM beef. Therefore, given the results from the likelihood ratio test, the remaining
discussion of the stud y focuses on the estimated coefficients from the tobit model for GM
potatoes, and from the double hurdle for GM beef.
Using estimates from the tobit model for GM potatoes and the double hurdle model for
GM beef, mean WTPs are calculated. Mean WTPs for GM potatoes and GM beef are 9.67% and
15.86%, respectively, suggesting that consumers perceive more nutritional benefits from GM
beef than GM potatoes. This implies that consumers may place a higher value on reduced
cholesterol than the more ambiguous benefit of higher nutrition.
It is assumed that consumers’ subjective knowledge of GM foods is based on their
perceptions, or beliefs. However, consumers’ objective knowledge is derived from correct
information on GM foods. Thus, different influences of knowledge variables are expected.
However, the results in table 4.4 show no significant impact on the knowledge variable. As
expected, consumers who perceive greater benefits of GM foods indicated a greater WTP for
paying a premium for GM potatoes of 262% more. That is, as consumers observe tangible and
substantial benefits of GM foods to their health, the environment, and society, they are more
acceptable of and more willing to pay a premium for those foods. This result provides some
implications. We argue that consumer and environmental groups as well as the media provide a
substantial amount of negative information on GM foods. Thus, consumers’ risk perceptions of
GM foods are more likely to be formed from such negative information. However, if consumers
view direct benefits of GM foods, their negative perceptions toward those foods may be
decreased. The results show that despite a negative media exposure about GM foods, negative
information of those foods does not seriously affect consumers’ demand for them with benefits.
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Table 4.4. Estimated tobit and double hurdle model of GM potatoes with benefit disclosure
Tobit
Probit
Truncated
Coefficient
Marginal Effects
Coefficient
Marginal Effects
Coefficient
Marginal Effects
(Std. Err.)
(Std. Err.)
(Std. Err.)
(Std. Err.)
(Std. Err.)
(Std. Err.)
Constant
-141.030 (46.880)
-5.509 (2.033)
Sub_Knowledge
0.970 (1.500)
0.123 (0.193)
0.019 (0.064)
0.002 (0.006)
-0.997 (4.052)
-0.329 (1.326)
Obj_Knowledge
-0.292 (2.213)
-0.037 (0.281)
0.006 (0.097)
0.001(0.009)
4.200 (4.767)
1.385 (1.522)
Benefits
20.700 (6.866)***
2.625 (0.832)***
0.559 (0.291)*
0.051 (0.028)*
33.667 (17.373)*
11.105 (5.452)**
Risks
-7.515 (6.083)
-0.953 (0.772)
-0.327 (0.271)
-0.030 (0.026)
8.956 ( 14.286)
2.954 (4.458)
Morality
-6.559 (5.579)
-0.832 (0.686)
-0.185 (0.231)
-0.017 (0.020)
-5.055 (21.085)
-1.668 (6.872)
Acceptance
13.021 (6.508)**
1.651(0.807)**
0.735 (0.277)***
0.067 (0.028)**
9.470 (17.240)
3.124 (5.453)
Trust
2.293 (4.756)
0.291(0.602)
0.202 (0.199)
0.018 (0.018)
-1.077 (13.668)
-0.355 (4.505)
Food_Label
2.340 ( 3.242)
0.297 (0.412)
0.023 (0.143)
0.002 (0.013)
-15.669 (11.183)
-5.169 (3.031)*
Org_Food
7.808 (3.947)**
0.990 (0.493)**
0.513 (0.191)***
0.047 (0.019)**
-1.018 (7.294)
-0.336 (2.442)
Northeast
19.021( 9.498)**
2.784 (1.554)*
0.534 (0.390)
0.066 (0.061)
58.291(29.900)*
35.753( 21.11)*
South
17.710 (7.883)**
2.421(1.152)**
0.430 (0.315)
0.045 (0.039)
57.683 (30.752)*
26.427 (16.283)
West
13.707 ( 8.656)
1.897 (1.294)
0.438 (0.346)
0.049 (0.048)
46.806 (31.641)
23.200 (20.177)
Rural
2.036 (6.525)
0.261(0.845)
-0.014 (0.281)
-0.001(0.025)
30.698 (19.291)
13.282 (10.172)
Urban
-4.829 (7.143)
-0.597(0.863)
-0.246 (0.300)
-0.020 (0.023)
10.251 (21.166)
3.752 (8.373)
Gender
2.925 (6.336)
0.369 (0.794)
-0.020 (0.262)
-0.002 (0.024)
-1.633 (14.786)
-0.557 (5.014)
Married
-5.370 (6.209)
-0.695 (0.816)
-0.077 (0.270)
-0.007 (0.026)
-40.794 (22.780)*
-19.275 (12.158)
Age18_34
-14.593 (12.815)
-1.651(1.275)
-0.743 (0.524)
-0.043 (0.021)**
0.350 (30.156)
0.116 (10.056)
Age35_59
0.056 (6.206)
0.007 (0.787)
-0.083 (0.257)
-0.008 (0.024)
17.030 (18.308)
5.312 ( 4.996)
White
-8.634 (8.625)
-1.180 (1.259)
-0.312 (0.364)
-0.035 (0.049)
-42.499 (24.191)*
-24.388 (17.323)
More_College
0.553 (9.189)
0.070 (1.157)
-0.268 (0.396)
-0.028 (0.048)
35.148 (34.857)
8.026 (6.027)
Inc_less $24,999
0.049 (9.178)
0.396 ( 1.219)
-0.453 (0.446)
-0.032 (0.025)
56.727 (26.861)**
37.619 (20.806)*
Inc_more $75,000 -4.600( 6.175)
-0.575 (0.757)
-0.111 (0.256)
-0.010 (0.022)
-7.435 (13.878)
-2.417 (4.510)
sigma
24.359(3.064)***
16.755(3.780)***
*,**,***, indicates estimated coefficient is significant at the 0.10, 0.05, and 0.01 level, respectively. Log-L for Probit=-79.322, Log-L for Truncated =-134.055,
and Log-L for Tobit =-222.078
Variable
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The results even indicate that consumers would be willing to pay a higher premium for GM
foods with concrete benefits. Accordingly, the study suggests that promoting benefits of GM
foods may result in not only alleviating consumers’ risk perceptions of those foods, but also
increasing of consumers demand for them.
The risk and morality variables turned out to be statistically insignificant though they
carry the expected signs. In addition, it is hypothesized that the percentage of premium
consumers pay is positively related to a consumer’s general evaluation regarding GM foods. If
consumers perceive more benefits relative to risks about GM foods, they would be willing to pay
a premium for GM potatoes. The results indicate that consumers with a positive attitude
regarding GM foods are expected to pay a premium of 165%. Consumers who frequently
purchase organic foods are considered to be more health conscious; thus they may pay a
premium for more nutritious GM potatoes, which is supported by the results, indicating the
average consumer in our sample would pay 99% more for GM potatoes.
Socioeconomic/demographic variables are included in the model to control for
differences in consumer-specific characteristics on WTP. It is assumed that consumers who live
in different regions have different perceptions about GM foods. The results show that consumers
residing in the Northeast and South are willing to pay a premium of 278% and 242%,
respectively, compared to consumers in the Midwest. As expected, an education variable shows a
positive sign, but it is insignificant. As can be seen in the table 4.4, the level of premium is not
significantly influenced by most socio-demographic variables.
The results of the double hurdle estimation for GM beef containing less fat and lower
cholesterol are displayed in the table 4.5. The results indicate that benefits of GM foods to the
health and the environment have significantly positive impacts on market participation, but no
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Table 4.5. Estimated tobit and double hurdle model of GM beef with benefit disclosure
Tobit
Probit
Truncated
Coefficient
Marginal Effects
Coefficient
Marginal Effects
Coefficient
Marginal Effects
(Std. Err.)
(Std. Err.)
(Std. Err.)
(Std. Err.)
(Std. Err.)
(Std. Err.)
Constant
-154.845 (63.505)
-6.201(2.033)
-127.441(135.041)
Sub_Knowledge
-2.201(1.957)
-0.289 (0.247)
-0.037(0.064)
-0.003 (0.006)
-1.733 (3.986)
-0.523 (1.191)
Obj_Knowledge
-0.016 (2.833)
-0.002 (0.371)
0.042 (0.098)
0.004 (0.009)
-2.192 (6.364)
-0.662 (1.942)
Benefits
20.605 (8.958)**
2.702 (1.154)**
0.501(0.293)*
0.045 (0.028)
13.347 (18.101)
4.028 (5.545)
Risks
-7.541(7.952)
-0.989 (1.048)
-0.134 (0.275)
-0.012 (0.025)
8.477 (16.150)
2.559 (4.880)
Morality
-13.778 (7.780)*
-1.807 (0.963)
-0.315 (0.234)
-0.028 (0.020)
-0.552 (26.879)
-0.167 (8.112)
Acceptance
25.543 (8.831)***
3.349 (1.099) ***
1.024 (0.287)***
0.092 (0.033)***
34.939 (21.235)*
10.545 (5.659)*
Trust
12.892 (6.300)**
1.690 (0.791)**
0.434 (0.208)**
0.039 (0.019)**
-21.391( 18.434)
-6.456 (5.065)
Food_Label
-1.757 (4.051)
-0.230 (0.528)
-0.140 (0.143)
-0.013 (0.013)
-4.881 (11.714)
-1.473 (3.483)
Org_Food
10.267 (5.452)*
1.346 (0.703)*
0.516 (0.191)***
0.047 (0.020)**
-4.473 (10.343)
-1.350 (3.164)
Northeast
16.881(11.692)
2.433 (1.836)
0.618 ( 0.380)
0.079 (0.064)
76.056 (37.959)**
45.528 (28.169)
South
16.282 (9.280)*
2.240 (1.346)*
0.646 (0.306)**
0.072 (0.044)
1.406 (24.483)
0.425 (7.425)
West
10.598 (10.433)
1.461(1.516)
0.244 (0.343)
0.025 (0.040)
57.448 (27.100)**
27.447( 15.674)*
Rural
-2.444 (8.414)
-0.318 (1.083)
-0.120 (0.278)
-0.010 (0.023)
18.414 (19.285)
6.291 (7.296)
Urban
-3.924 (9.018)
-0.506 (1.148)
-0.115 (0.298)
-0.010 (0.025)
53.131 (25.375)**
23.991(12.478)*
Gender
-4.653 (8.056)
-0.615 (1.069)
-0.128 (0.259)
-0.012 (0.025)
-27.815 ( 24.726)
-10.028 (10.279)
Married
-12.816 (7.700)*
-1.746 (1.079)
-0.328 (0.260)
-0.033 (0.029)
-10.912 (18.325)
-3.496 (6.189)
Age18_34
-28.417 (14.807)*
-3.171(1.386)**
-0.862 (0.477)*
-0.046 (0.019)**
-53.452 (47.142)
-9.557 (4.767)**
Age35_59
-5.481(7.634)
-0.725 (1.020)
-0.220 (0.261)
-0.021(0.026)
8.820 (16.250)
2.611 (4.593)
White
-10.521(11.346)
-1.477 (1.690)
-0.138 (0.380)
-0.014 (0.041)
10.516 (32.092)
2.849 (7.816)
More_College
0.634 (11.643)
0.083 (1.517)
-0.151(0.391)
-0.015 (0.041)
25.385 ( 34.278)
5.981 (6.424)
Inc_less $24,999
-0.400 (12.047)
-0.052 (1.572)
-0.715 (0.453)
-0.043 (0.021)**
125.392 (38.608)***
96.949 (27.922)***
Inc_more $75,000
-5.713 (7.701)
-0.739 (0.978)
-0.054 (0.253)
-0.005 (0.022)
-28.333 (21.522) )
-8.423 (6.239)
sigma
32.689 (3.673)***
22.792(4.826)***
*,**,***, indicates estimated coefficient is significant at the 0.10, 0.05, and 0.01 level, respectively. Log-L for Probit=-81.790, Log-L for Truncated =-180.940,
and Log-L for Tobit =-284.751
Variable
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significant effects on the amount of premium. As expected, if consumers have a positive
evaluation of GM foods, the probability of them participating in the market, and paying a
premium, increases.
In general, it is believed that U.S. consumers have little knowledge about GM foods
(Hallman et al., 2004 and 2003). A lack of knowledge suggests that consumers may trust
institutions that regulate, produce, and provide information about GM foods to look after their
well being. Accordingly, it is hypothesized that as consumers have a high degree of trust in GM
institutions (i.e. U.S. Food and Drug Administration, R&D scientists at universities, and the
Food Industry), they are more likely to participate in the GM food market. The results suggest
that trust in GM institutions has a strong influence on the decision of whether to buy GM foods
and to pay a premium for GM beef, but the premium level paid is insignificantly and inversely
related to trust. As in GM potatoes, market participation is positively associated with the
frequency of purchasing organic foods.
While consumers in the South relative to the Midwest are more likely to participate in the
market, consumers residing in the Northeast and West tend to be willing to pay more for GM
beef with lower cholesterol than consumers located in the Midwest. In addition, the results also
show that the consumers in urban areas are less likely to participate in the market, but they pay a
greater premium once they decide to participate in the market. Consumer groups between age 18
and 34 are less likely to purchase GM foods and to pay a premium for GM beef, and apt to pay a
lower premium. In addition, consumer groups with less than income $24,999 have a tendency to
pay a premium at higher percentage once they are in the market.
Table 4.5 shows that the tobit model tends to pick up more of the yes/no decision, and
its inability to explain the quantitative premium to pay. Another important finding is that the
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tobit model understates the impact of explanatory variables on the amount of premium. For
example, the WTP premium for consumers in the Northeast and urban area is about 4.5 times
and 18 times the level estimated by the tobit model in absolute value, respectively. In addition, it
is found that several estimated parameters in the premium percentage of the double hurdle have
different signs with those from the tobit model. These conflicting results may be caused by the
invalid restriction of the tobit model that the decision to participate in the market is the same as
the decision regarding how much to pay. Thus, if the restriction of the tobit model for GM beef is
imposed, this would produce biased estimates, as well as miss the true behavioral patterns,
eventually resulting in incorrect conclusions.
V. Conclusions
This study cond ucted a national survey to investigate the effects of consumers’
risk/benefit beliefs on the level of a premium of GM potatoes with more nutritious value and GM
beef having less fat and lower cholesterol. To prevent the overestimation problem in CVM, exante and ex-post methods are used together. In addition, for the internal reliability of a scale,
multiple items for each theoretical concept are used. One contribution of the present study is that
all of the perceived benefits and risks of GM foods currently debated in the market place are
employed in this survey applying for national consumers for analysis.
The chi-squared specification test indicates that the tobit model is a better specification
for GM potatoes and the double hurdle model is a superior fit for GM beef. Rejection of the tobit
model for GM beef suggests that the decision ‘to buy GM foods’ and ‘to pay a premium’ for GM
beef is separate from ‘the premium level’ decision. The results provide a possible interpretation
that zero premiums of GM beef may occur due to a corner solution, but also due to the health and
environmental and morality concerns of the consumer because consumers believe that gene
transfer of GM animals is more radical than GM plants.
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Consumers’ decision to participate in the market, and the level of a premium paid were
hypothesized to be related to their beliefs toward GM foods. The study found that the qualitative
factors, such as benefits of GM foods on the health and environment and positive evaluation
about GM foods, have a significant, positive influence on the premium level for GM potatoes.
For the GM beef product, trust in GM institutions, and positive evaluations regarding GM foods
are significant factors to affect consumers’ participation in the market. However, unexpectedly,
the results show that risks of GM food and morality have the expected signs, but have an
insignificant effect on the premium level for GM potatoes. Similarly, the same factors for GM
beef have an insignificant effect on participation in the market and the level of premium. A
potential explanation of these results is that to some extent beneficial attributes of GM foods
could mitigate consumers’ risk perceptions (Moon and Balasubramanian, 2003; Bech-Larsen and
Grunert; Loureiro and Bugbee).
Past studies (Couchman and Fink-Jensen; Espey; Frewer et al.; Hallman et al., 2003;
Hallman et al., 2004; Hossain et al.; Macnaghten; Norton; Pew) demonstrate that consumers are
more concerned about GM meats relative to GM crops. Thus, it is expected that consumers feel a
stronger aversion to GM beef than to GM potatoes and will pay a lower premium for GM beef.
This suggests the mean WTP for GM beef is lower than the mean WTP for GM potatoes.
However, the results show the opposite. One possible explanation of this result is that while
previous studies have dealt with GM foods providing benefits mainly to producers and the
environment, the current study uses GM foods with direct benefits to consumers. In addition, it is
found that consumers feel greater improvement of health benefits from GM beef than from GM
potatoes because red meat is perceived to give bigger health problems, such as heart attacks.
That is, as consumers observe cholesterol as a serious issue, they are more concerned with
lowering cholesterol than higher nutrition from potatoes.
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Interestingly, consumers living in the Northeast region tend to pay a higher premium for
both GM potatoes and GM beef. This suggests that consumers residing in Northeast have
different information source and different lifestyle, and they have more concerns about food
nutrition. Socio-demographic characteristics and regional and locational differences are included
to examine the significance of their effects on the levels of a premium for GM potatoes and GM
beef. However, the study shows that many of socio-demographic variables are not statistically
significant, which is consistent with previous studies (Baker and Burnham; Huffman et al.,
2003).
A limitation of the present study is that most respondents have either some college, or
higher level of education. Less educated consumers may show different decisions on
participation in the market and premium percentage paid for GM foods relative to the highest
educated consumers. In addition, low response rates due to complexity of que stionnaire may lead
to nonresponse bias. For example, consumers responding to the survey are more likely to be
interested in GM foods relative to nonrespondents, and thus more sensitive to the risks and
benefits of GM foods relative to the general population. This may lead to an upward bias in the
estimates of consumer intention toward decision on the participation in the market and premium
percentage they pay.
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CHAPTER V
DETERMINANTS OF PURCHASE INTENTIONS REGARDING GENETICALLY
MODIFIED (GM) FOODS
The present study differs from previous studies by proposing a theoretical framework and
testing a causal model explaining consumer purchase behavior of GM foods by employing a
structural equation modeling (SEM) procedure. As the study incorporates latent variables, such
as information, beliefs, attitudes, normative compliance, and intentions, into the analysis, causal
linkages between latent variables are investigated. Most of previous research has not included
latent variables in an estimation process. In addition, this study differs from previous studies in
that it verifies theoretical predictions.
I. The Conceptual Approach
Most psychologists agree that the latent variable “intention” is the best predictor of a
consumer’s behavior. According to Fishbein and Ajzen, a consumer’s decision to perform a
specific behavior is revealed by a behavioral intention. When analyzing consumer purchase
intentions, an important question is what factors cause intention development. The presumption
is that beliefs are key elements in forming attitudes, intentions, and eventually influencing
behavior. Beliefs represent the base set of information that a consumer has about an object or
concept (Fishbein and Ajzen). Thus, these beliefs describe all thoughts that a consumer has about
GM foods in association with various attributes, and beliefs play an important role in forming
attitude mediating intention (Moon and Balasubramanian; Bredahl; Grove and Douthitt).
Consumer’s objective or factual knowledge about GM is hypothesized to affect their
attitudes through beliefs, since a certain amount of knowledge is not only a requirement for
attitudes but also for beliefs. Previous studies have indicated that perceived knowledge about
GM and trust in GM regulators are possible determinants of attitudes towards GM foods (Frewer
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et al.; Frewer, Howard, and Shepherd). In addition, it is believed that U.S. consumers’
knowledge about GM foods is very limited (Hallman et al., 2004 and 2003). To deal with a lack
of knowledge, consumers are more likely to rely on GM institutions that provide information
about GM foods. As consumers have a high degree of trust in GM institutions, they are more
likely to perceive positive aspects of GM foods than those who have a low degree of trust for
them. Accordingly, the study proposes that the level of objective knowledge and trust factors
positively affect attitudes through beliefs held by consumers, which is also consistent with the
model by Engel, Black, and Kollat and the study by Bredahl.
It is assumed that there is a negative correlation between perceived benefits and risks
about GM foods, thus there exist cognitive discords between them. When modifying the level of
perceived benefits or risks of GM foods, the discord would be reduced. In general, consumers
place a greater weight on negative information than on positive attributes (Viscusi). Thus, while
substantial and observable benefits of GM foods are pertinent issues, even hypothetical risks
become significant issues when consumers assess GM foods. Accordingly, it is more reasonable
to assume that perceived benefits of GM foods affect perceived risks of them.
According to Fishbein’s multi-attribute model, a person’s attitude toward GM foods is a
function of his/her beliefs about GM foods and the implicit evaluative responses (or aspects)
associated with those beliefs (Fishbein). Engel, Blackwell, and Kollat defined attitude as “a
learned predisposition to respond consistently in a favorable manner with respect to a given
alternative” (p. 388). Thus, attitude refers to consumers’ favorable or unfavorable evaluation of
GM foods, and attitude formation is closely related to consumer evaluation of GM foods. A
consumer’s attitude toward GM foods, following Fishbein’s theory, is a function of the strength
with which a consumer holds beliefs (i.e., his/her subjective probability that GM foods are
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related to specific attributes) and of his/her positive or negative evaluation of each attribute. The
strength of belief associated with a given attribute is multiplied by the consumers’ positive or
negative evaluation of the attributes involved. The belief effects are then summed across all
N

attributes. Algebraically, it is hypothesized that A = ∑ Bi a i , where A = consumer’s total
i =1

attitude toward GM foods, Bi = the consumers’ belief regarding attribute ‘i’, ai = the evaluative
aspect of Bi, and N = the number of beliefs. Beliefs and their evaluative aspects are acquired via
a consumer survey. Intention indicating a certain amount of affect toward an object is defined as
“the subjective probability that beliefs and attitudes will be acted upon” (Engel, Blackwell, and
Kollat, p. 388). While attitude is viewed as a general predisposition that does not predispose the
person to perform any specific behavior, intention is related to a specific behavior (Fishbein and
Ajzen).
There exist perceived social influences on purchase intention of GM foods. For example,
religious groups raise morality concerns about GM foods, saying humans should not invade the
realm of God (Hallman and Metcalfe; Hallman et al., 2002). Consumers have motivation to
either comply with those issues or not. Some are more likely to respond than others. Consumer
sensitivity to social pressures is a factor in consumer’s personality makeup. That is, consumers’
perceived morality about GM foods reveals personal norms, which is explained by the choice
model of Engel, Blackwell, and Kollat explaining the relationship between beliefs, attitudes, and
intentions (p. 480). In addition, a few past studies examined the impact of moral obligation on
behavioral intentions for food-related behaviors and towards GM foods (Raats, Shepherd, and
Sparks; Sparks, Shepherd, and Frewer). Thus, based upon the choice model and empirical
findings, it is hypothesized that perceived morality negatively influences consumer purchase
intention directly, and not through attitude.
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Theoretical considerations and the findings of empirical studies have led to the causal
model of purchase intentions regarding GM foods exhibited in figure 5.1. The proposed model
predicts that consumer objective knowledge about GM foods and trust in GM institutions, which
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+
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Possible explanation for observed relations
Stable theoretical relations

Figure 5.1. Hypothesized model of purchase intention of GM foods
is referred to information, influence consumer beliefs, which are benefits and risks of GM foods,
It is hypothesized that benefits have an impact on risk. In addition, even though the theory does
not consider direct effects between knowledge and trust, and attitude, the study tests the possible
relationships between those factors based on the empirical findings. Consumer beliefs determine
their attitudes toward GM foods. Finally, consumer purchase intentions to purchase or avoid GM
foods are determined by the personal norm, which is perceived morality, and attitude that the
consumer holds toward GM foods.
II. Method
Structural Equation Modeling (SEM)
The postulated causal model is estimated by structural equation modeling procedure
(SEM) using latent constructs. SEM is a robust approach that allows researchers to test complex
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theoretically-derived models (Bollen), and estimates a series of separate, but interrelated
dependent, multiple regression equations simultaneously by specifying a structural model. SEM
incorporates unobservable (latent) variables or theoretical concepts, such as beliefs, attitude, and
intention, in interdependent relationships. In addition, SEM explains the measurement error in
the estimation process occurring from abstract or theoretical concepts, and increases the
reliability reflecting the amount of measurement error by having multiple indicators per latent
variable. The path diagram in figure 5.1 is translated into structural equations as follows:
Benefits = β 1 + β 2 Knowledge + β 3 Trust + ε 1
Risks = β 4 + β 5 Knowledge + β 6 Trust + β 7 Benefits + ε 2
Attitude = β 8 + β9 Benefits+ β 10 Risks + ε 3

(5.1)

Willingness to Buy = β 11 + β12 Attitude + β 13 Morality + ε 4
where β is a parameter estimated and ε is error term.
III. Data and Questionnaire
The data and questionna ire for the study are described in chapter IV earlier. Please, refer
to chapter IV. A questionnaire is attached in Appendix 2. Items used to measure objective
knowledge, trust, benefits and risks, attitude, morality, and purchase intentions are listed in table
5.1.
Measures
Objective knowledge of biotechnology is rated on five true- false items. Don’t know
responses are coded as wrong responses. Benefits and risks associated with GM foods consist of
5 items on the health and 5 items on the environment. The items are assessed on 5-point Likert
scales, strongly disagree-strongly agree scale. Respondents were asked to rate on a scale of 1 to 5
(with 1 corresponding to strongly disagree and 5 corresponding to strongly agree) their level of
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Table 5.1. Description of construct item indicators
Knowledge (range=1 to 5)
TF1. Tomatoes that have been genetically modified with a fish’s genes will have a fishy taste.
TF2. Genetically modified potatoes contain genes while ordinary potatoes do not.
TF3. Eating GM foods will not modify a person’s genes.
TF4. Genetically modified crops are the same as cloning.
Trust in GM Institutions (range=1 to 5)
1. How much do you trust the information they provide regarding the safety and nutritional aspects of GM foods?
2. How much do you trust the following institutions to protect wildlife and the environment from potential harmful
effects of genetically modified crops?
3. How much do you trust the following institutions regarding testing, inspection, and regulation of GM foods?
TG. Government agencies
TC. Food and agribusiness companies
TA. Scientists and academics
Health and Environment Benefits of GM Foods (range =1 to 5)
B1. GM foods can lower your risk of heart disease and some types of cancer.
B2. GM crops are beneficial to your health since they lead to foods with less chemical residue.
B3. GM crops benefit society because they lower the farmer’s production costs.
B4. GM crops benefit consumers because they lower food prices.
B5. GM crops are beneficial to society because they help solve food shortages in less developed countries.
B6. GM crops are beneficial to the environment because they allow farmers to use fewer herbicides and pesticides.
B7. GM crops are beneficial because they lead to adoption of more environmentally friendly farming systems.
B8. GM crops are beneficial because they result in increased soil moisture retention, decreased soil erosion, and
pesticide run-off.
B9. GM crops are beneficial to the environment because they lead to farming systems that improve air and water
quality.
B10. GM crops are beneficial because they increase the availability of habitat and ground cover for wildlife.
Health and Environment Risks of GM Foods (range=1 to 5)
R1. GM foods should be separated from ordinary foods to prevent contamination.
R2. GM foods can have unforeseen harmful affects on human health.
R3. GM crops with antibiotic-resistance genes pose health risks for humans since they may reduce the
effectiveness of beneficial antibiotics.
R4. GM foods pose a health risk since they have traits that may not be detected through normal testing of foods.
R5. The herbicides used with some GM crops kill plants that are beneficial to wildlife.
R6. GM crops are harmful to the environment because they can cross pollinate with non- GM crops.
R7. GM fish are harmful to the environment because they compete with wild fish for food and mating partners.
R8. GM crops are harmful to the environment because they kill useful microorganisms in the soil.
R9. GM crops threaten indigenous plants and animals.
Acceptance of GM Foods (range =1 to 5)
A1. Risks associated with GM foods are acceptable.
A2. I am afraid of eating GM foods. (Reversed)
A3. The potential risks from GM foods have been greatly overstated.
A4. The benefits of GM foods outweigh the risks.
Morality (range=1 to 5)
M1. Genetic modification violates the basic principles regarding the relationship between humans and nature.
M2. Genetic modification is like playing God.
M3. Creating GM plants and animals is morally wrong.
M4. GM crops go against nature.
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Table 5.1. continued.
Willingness to Buy GM Foods (range =1 to 5)
W1. I have no problem with buying GM foods.
W2. I avoid buying GM foods. (Reversed)
W3. I would be willing to buy a GM tomato with enhanced nutritional value.
W4. I would be willing to buy GM foods if they were less expensive.
W5. I would be willing to buy vegetable oil made of genetically modified soybeans.

morality and acceptance of GM foods with 5 items, respectively. The responses to the second
question in acceptance of GM foods were inverted so that a low number corresponded to less
acceptance of those foods and a high number corresponded to more acceptance, to be cons istent
with other items. Trust in GM institutions is measured on 5 scales, where 1 indicates no trust at
all and 5 represents a very high degree of trust, ranging from a low of 1 to a high of 5.
Willingness to buy GM foods is rated on 5-point Likert scales, strongly disagree-strongly agree
scale. The second item in willingness to buy is made in a negative frame. For comparability with
other measures, this item is reverse coded for estimation.
Data Analysis
The program LISREL version 8.72 is used for estimating parameters. Analysis is based
on the correlation matrices, and a maximum likelihood (ML) procedure is employed. Correlation
matrices as input data provides some advantages compared to covariance matrices. From a
practical perspective, the correlation matrix is easy to interpret, and diagnosis of the analysis is
more direct. From a theoretical prospective, when examining the pattern of relationship among
the exogenous and endogenous constructs, correlation matrix is more appropriate (Hair et al.).
Preliminary data analysis showed that the data are generally quite skewed, suggesting the
data do not follow a multivariate normal distribution. If data is not normally distributed, the
standard errors used to test the significance of parameter estimates are deflated and chi-square
test for the goodness of fit model is inflated. One solution for non-normal data is to use weighted
least squares (WLS). However, WLS cannot be employed for the study since it requires very
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large sample sizes. According to Joreskog and Sorbom, sample sizes for WLS is 1.5q (q+1),
where q represents the number of items when the number of items is more than 12. Instead,
Joreskog et al. recommended using ML as a reasonable compromise despite the non- normality if
the sample size requirement for weighted least squares (WLS) is not met. In addition, the nonnormality of the data can be decreased by normalizing the variables before estimating
parameters. LISREL calculated normal scores which are an effective way of normalizing
variables. Thus, the distribution of the variables is enhanced by the procedure. Following the
suggestions above, a maximum likelihood (ML) procedure for the study is employed, and the
variables are normalized prior to the estimation. Thus, the results provided are founded on
normalized data.
IV. Results
The profiles of respondents based on the survey results are presented in the table 4.2 in
previous chapter IV. Even though our sample is not completely equivalent to the U.S. census
socio-demographic characteristics, it seems that it provides sufficient representation of U.S.
population. Thus, we can make rational inferences about the population from the sample.
Measurement Model Results
Confirmatory factor analysis (CFA) is performed for each latent variable to assess
whether the postulated measurement model is suitable. The reliability of the indicators is
provided in table 5.2. Because the construct reliability is a closer approximation of reliability, it
is preferred over Chronbach’s alpha. If construct reliability value is higher than 0.6, it means that
construct reliability is good with high internal consistency (Fornell and Bookstein). Table 5.2
shows that the construct reliability values are higher than 0.6, thus very high internal
consistency. In addition, to provide the fullest test of convergent and discriminate validity, each
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Table 5.2. Standardized measurement coefficients from confirmatory factor analysisa
Indicators
Knowledge
Trust
Benefits
TF1
0.79 (17.5)b
TF2
0.80 (17.7)
TF3
0.73 (15.7)
TF4
0.75 (16.4)
TG
0.79 (16.2)
TC
0.74 (15.1)
TA
0.61 (12.0)
B1
0.57 (11.8)
B2
0.66 (14.2)
B3
0.56 (11.5)
B4
0.56 (11.6)
B5
0.70 (15.4)
B6
0.71 (15.6)
B7
0.76 (17.0)
B8
0.61 (13.0)
B9
0.77 (17.5)
B10
0.63 (13.3)
R1
R2
R3
R4
R5
R6
R7
R8
R9
A1
A2
A3
A4
M1
M2
M3
M4
a 2
χ = 1973 . 71 , df=681. b T-values shown in parenthesis. All are significant (p<.01)
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Constructs
Risks

Attitude

Morality

0.51 (10.4)
0.74 (16.7)
0.67 (14.5)
0.76 (17.4)
0.54 (11.1)
0.77 (17.7)
0.61 (13.0)
0.67 (14.4)
0.72 (16.1)
0.66 (14.4)
0.78 (17.9)
0.69 (15.2)
0.82 (19.2)
0.88 (21.9)
0.85 (20.8)
0.87 (21.3)
0.92 (23.6)

Intention

Table 5.2.continued.
Indicators
W1
W2
W3
W4
W5
Construct
Reliability

Knowledge

Trust

Benefits

0.85

0.76

0.89

Constructs
Risks

0.88

88

Attitude

Morality

Intention
0.86 (21.2)
0.77 (17.9)
0.89 (22.4)
0.89 (22.3)
0.85 (20.8)

0.82

0.93

0.94

construct indicator is considered simultaneously. Initial analysis suggested dropping 5 indicators
with low loading (below 0.50) for the further analysis. All loadings exceed 0.05, and each
indicator t- value is all statistically significant.
CFI (Comparative Fit Index), TLI (Tucker Lewis coefficient), and RMSEA (Root Mean
Square Error of Approximation) are provided, which are commonly reported in the literature
among several goodness-of - fits indexes. The study employs the CFI and TLI guidelines of 0.95
as cutoff for the good model fit (Hu and Benlter), and the RMSEA guidelines of less than 0.80
(MacCallum, Browne, and Sugawara). The incremental fix index (IFI) is 0.96, and
the χ 2 / df ratio is 2.90 . All the overall fits support the measurement model: CFI=0.97, TLI=0.97,
and RMSEA=0.069.
In addition, convergent validity, which relates to the degree to which indicators correlate
strongly with other indicators used to measure the same construct, is assessed. The convergent
validity exists if the factor loadings are statistically significant (Anderson and Gerbing; Dunn,
Seaker, and Waller). Table 5.2 indicates the evidence of the convergent validity. For the
discriminant validity, which relates to the degree to which measures of different constructs are
unique from each other, it is established if the average variance extracted for each construct is
larger than the squared correlation coefficients between constructs (Fornell and Larcker). As
indicated in table 5.3, most of the average variance extracted for the constructs is found to be
greater than the squared correlation coefficients between constructs. Some of the average
variances extracted for constructs are found to be smaller than the squared correlation
coefficients, but the difference is small enough to warrant further analysis. A correlation between
GM risks and attitude, and attitude and intention shows lack of discriminant validity. A possible
explanation for this is that as four questions about consumer attitude regarding GM foods consist
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of risk perceptions, there may not exist unique differences between GM risks and attitude factors.
In addition, it is expected that it is difficult to establish discriminant validity between attitude and
intention because attitude is nearly synonymous with intention as explained in theory. Even
though only marginal support is found for discriminant validity, it is deemed sufficient to
proceed with the further analysis.
Table 5.3. Discriminant validity*
Constructs
Knowledge
Trust
Benefits
Risks
Attitude
Morality
Intention
Knowledge
0.59
Trust
0.08
0.51
Benefits
0.06
0.27
0.44
Risks
0.07
0.33
0.52
0.45
Attitude
0.14
0.40
0.58
0.72
0.58
Morality
0.17
0.15
0.32
0.45
0.59
0.78
Intention
0.07
0.35
0.50
0.55
0.83
0.41
0.75
*Based on confirmatory factor analysis. Note: The diagonal entries show Fornell and Larcker’s (1981)
index of average variance extracted by the construct. Entries below diagonal represent squared correlation
coefficients.

Structural Model Results
The results of the structural equation analysis are presented in table 5.4 and figure 5.2. An
initial model based on the theory is presented, and an alternative model with two additional paths
from knowledge and trust to attitude is presented. The purpose for the alternative model is to
examine whether information module affects attitudes directly as well as indirectly through
beliefs. An alternative model conjectures that consumers’ knowledge of GM foods and their trust
in GM institutions may significantly affect their attitudes not only through beliefs, but also
without via beliefs.
Table 5.4. Test statistics for hypothesized models
Model
Initial model based on the theory
Addition of two path

χ2
2132.41
2120.77

df
690
688

CFI
0.96
0.96

TLI
0.96
0.96

RMSEA
0.073
0.073

IFI
0.96
0.96

The goodness of fit statistics in table 5.4 shows few differences between the two models.
The overall fits for both models support that the hypothesized model fits the data. As shown in
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figure 5.2, while all direct paths based on the theory are significant, two paths in the alternative
model are not statistically significant, from knowledge to risk and from morality to willingness
to buy (p < 0.10). A conjecture of the alternative model is verified by significant impact of
knowledge and trust on consumer attitude regarding GM foods. Given the results from test
statistics, the remaining discussion of the study focuses on the initial model.
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Note: The path estimates are presented for the stable theoretical relations first, followed by the possible explanation
relations. T-values are in parentheses in the same order.

Figure 5.2. Standardized structural path coefficients for purchase intention of GM foods.
Consumers’ objective knowledge of GM foods is found on their correct information on
those foods. An individual’s knowledge level may imply his ability to absorb and understand the
available information. Based on previous research (Heiman, Just, and Zilberman), it is expected
that as respondents have more proper information about GM foods, they feel more positive,
thereby are more likely to perceive more benefits of GM foods relative to risks. The results are
consistent with this expectation. Note the positive sign for benefits, and the negative sign for
risks. This suggests that more knowledgeable consumers have better understanding of GM than
less knowledgeable consumers.
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It is hypothesized that trust in government, food companies, and scientists has a
significant impact on the benefits and risks perceptions of GM foods. Because consumers are not
able to appraise GM foods by themselves, they need to depend on other sources for
evaluations of them, that is, GM institutions. As consumers trust in GM institutions increases,
they are more likely to assess lower risks of GM foods. The results provide evidence that
consumers who have confidence in GM institutions perceive GM foods as more beneficial and
less risky compared to consumers who do not trust them. It is predicted that a negative
correlation exists between GM benefits and risks. For example, consumers who perceive GM
foods as beneficial to their health, the environment, and society are more likely to classify them
as less risky than consumers who perceive fewer benefits about GM foods. A negative
relationship in figure 5.2 supports a prior belief.
When consumers perceive benefits to themselves, the environment, and society, they are
expected to be more accepting of GM foods, relative to consumers who perceive no benefit. On
the other hand, if consumers perceive GM foods as a health risk and risky to the environment,
they would be less favorable to those foods. In this regard, consumers’ risk/benefit beliefs of GM
foods are expected to play a significant role in shaping consumers’ general attitudes on them. As
expected, perceived benefits and risks have positive and negative effects on consumers’ attitudes,
respectively. An interesting thing is that perceived risks have a more significant impact on
consumer attitudes on GM foods than perceived benefits. This suggests that consumers put a
greater weight on negative attributes than on positive attributes, which is consistent with Viscusi’
finding.
It is believed that consumer persona l norms are a significant predictor for willingness to
buy GM foods. Thus, it is anticipated that morality influences purchase intention as a direct
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determinant, and is negatively related to willingness to buy GM foods. The results are in
accordance with our expectation, and suggest that significant differences in personal norms for
consumers holding different morality affect significantly their purchase intention of GM foods.
The study demonstrates that there exist close relationships between latent variables. The
causal influence of knowledge and trust factors on perceived benefits and risks are strong and
significant, and perceived benefits and risks of GM foods, in turn, affect consumers’ attitude
regarding GM foods, which also have a significant impact on purchase intentions of them.
Perceived benefits and risks of GM foods are negatively correlated, and morality is the primary
direct determinant of purchase intentions of GM foods. Consumer knowledge, trust in GM
institutions, and perceived benefits and risk perceptions have an indirect effect on the purchase
intentions of GM foods.
Based on the findings, the study presents two important suggestions for policy-makers, as
well as for food companies, in terms of improving consumer purchase intention of GM foods. It
is assumed that consumers lack knowledge of GM foods. For example, our survey results
indicate that only 13% of respondents give correct answers to all five questions. One of the main
reasons that some consumers have an unfavorable attitude toward GM foods is lack of
information regarding those foods. It is, however, believed that in general consumers are
interested in more objective information regarding GM foods provided by trustful institutions.
Such information is more likely to lead to more positive attitudes about GM foods as shown in
Lemkow’s study. There exists mixed information about biotechnology and GM foods from
various GM institutions, such as the government, biotech industry, consumer and environmental
groups, and scientist and academics. Consequently, consumers’ beliefs about GM are formed
from such diverse information. Our argument is that consumers have a higher trust toward
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scientists and academics than any other GM institutions because they do not have any economic
concern in GM like biotech industry and consumer and environmental groups. In addition,
Huffman et al. stated that scientists and academics without any financial interests in GM are
regarded as a knowledgeable independent third-party source about GM among those primary
sources of information. The study by Huffman showed that when a participant acquired GM
information from a third-party source, the probability of him/her being out of market for GM
foods is decreased. This suggests that information from third-party source reduces the effect on
negative information supplied by consumer and environmental groups. Thus, the study suggests
that when more objective information on GM from third-party is offered to consumers, their
beliefs about GM become positive, ultimately causing their positive purchase intentions of GM
foods.
Another implication is that even though some consumers obtain information about GM,
our argument is that a large portion of such information is more likely to be received through
media. It is, however, deemed that the information through media is more focused on negative
information and perceived risks. As a result, there is a greater likelihood that consumers’ beliefs
toward GM foods are shaped from those negative information emphasized in media. However, as
found in the study, if consumers are provided balanced and sound information to make them
more knowledgeable, then their beliefs about GM foods would improve, eventually leading to
positive impact on purchase intentions.
V. Conclusions
The SEM procedure is used to identify the factors that determine consumers’ purchase
intentions of GM foods. One contribution of the present study is that all of the perceived benefits
and risks of GM foods currently debated in the market place are employed in this survey of U.S.
consumers for analysis. The study postulated the theoretical framework and investigated the
94

significant factors that have impact on purchase intentions on GM foods. In addition, the study
examined how consumers shape their attitudes toward GM foods and how these attitudes can be
expected to have an effect on subsequent purchase intentions regarding GM foods.
Results of the study indicate that different levels of consumer knowledge and credibility
in GM institutions (i.e. government, food companie s, and scientists) determine consumers’
benefit and risk perceptions of GM foods. This suggests that consumers with better knowledge
have better ability to evaluate diverse information of GM than less knowledgeable consumers. In
addition, as consumers have less confidence toward GM institutions, they recognize more risks
of GM foods than benefits, suggesting that the consumer demand for GM foods would not
increase unless trust in GM institutions is improved.
It is found that there is a significant correlation between benefits and risks of GM foods,
as predicted. The results showed that perceived risks were found to have a greater impact than
perceived benefits on consumer attitude toward GM foods, implying that even though consumers
are able to see several benefits of GM foods, the risks of GM foods outweigh the benefits of
them. In addition, the findings of the study provide that morality is recognized as an important
determinant on the purchase intentions of GM foods.
A limitation of the present study is that most respondents have either some college or
higher level of education. Less educated consumers may show different purchase intentions of
GM foods relative to the highest educated consumers. In addition, low response rate due to
complexity of questionnaire may lead to nonresponse bias. For example, consumers responding
to the survey are more likely to be interested in GM foods relative to nonrespondents, and thus
more sensitive to the risks and benefits of GM foods relative to the general population. This may
lead to an upward bias in the estimates of consumers’ willingness to buy GM foods.
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CHAPTER VI
CONCLUSION
To study the effects of perceptions on consumer acceptance of genetically modified (GM)
foods, three studies were conducted using random, national, mail consumer surveys. In the first
study, the effects of consumers’ risk/benefit beliefs on willingness to buy GM foods are
examined. The study investigates crucial factors to affect consumers’ purchase intentions of GM
foods. The results show that the cognitive factors of risk/benefit perceptions of GM foods have a
significant impact on consumer acceptance of them. In addition, it is found that food safety is the
most important factor to influence consumer purchase intentions for both GM crops and GM
meat. Ethical issues and concerns regarding the environment and wildlife are other important
factors that make consumer not buy GM crops and GM meat, respectively.
The first study shows that consumers express varying levels of perceived risks depending
on product type. Results indicate that consumers have stronger risk sensitivity toward GM meats
than GM crops, as expected. Among several socio-demographic variables, education and region
turn out to be significant variables. Male, white, and well-educated consumers are more likely to
purchase GM foods, and consumers from the Northeast showed unfavorable attitudes about
willingness to buy GM meats.
In the second study, consumer’s willingness to pay (WTP) for GM foods with a benefit
disclosure is estimated by employing a contingent valuation methodology (CVM). To reduce
hypothetical bias, cheap talk and certainty scale methods are used at the same time. For the
study, several indicator variables are used as theoretical concepts for testing the internal
reliability of a scale. All constructs show high internal consistencies. The specification test
reveals that the tobit model is a better specification for GM potatoes with more nutrition value,
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and the double hurdle model is a superior fit for GM beef containing less fat and lower
cholesterol. Rejection of the tobit model for the beef product suggests that consumers’ decision
to participate in the market is different from the amount of premium they are willing to pay. This
provides a potential explanation that consumer zero premiums for GM beef are caused by not
only both corner solution but also non-corner solution due to unknown health concerns and
morality.
The study demonstrated that benefits of GM foods for health and the environment are
positive, significant factors to affect the premium level for GM potatoes. Similarly, benefits of
GM foods, credibility of GM institutions, and positive evaluations of GM foods are the main
factors that influence consumers’ participation in the market for GM beef. Surprisingly,
however, the study indicates that potential harmful effects of GM foods, and morality, are not
significant factors for decisions to participate in the market and a level of premium paid. An
explanation for this result may be that consumer risk perceptions can be alleviated by favorable
characteristics of GM foods, which is consistent with studies by Moon and Balasubramanian
(2003), and Bech-Larsen and Grunert. Results show that mean WTPs are 9.67% for GM potatoes
and 15.86% for GM beef, suggesting consumes are more receptive of GM beef than GM
potatoes. In past studies, consumers were more favorable of GM crops compared to GM meat. It
is assumed that the opposite results with previous studies are because GM beef in our study
provides tangible and substantial benefits for consumers. As in first study, the results reveal that
consumers residing in Northeast region have more health concerns relative to consumers in
different regions. Consistent with the first study, many of socio-demographic variables are not
significant (Baker and Burnham; Huffman et al., 2003).
Determinant of purchase intentions with respect to GM foods are in greater depth
investigated in third study by employing structural equation modeling (SEM) procedure. The
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study also explores the process to form consumer attitude toward GM foods through various
consumer information and beliefs. The study found that different level of knowledge toward GM
foods and trust in GM institutions determines the different risk/benefit perceptions on GM foods.
Results suggest that if credibility in GM institution is not enhanced, consumer demand for GM
foods would not increase. It is also found that perceived risks have stronger impact on consumer
attitude toward GM foods than perceived benefits, suggesting that perceived risks of GM foods
outweigh perceived benefits. As, expected, morality is another significant factor to influence
purchase intention of GM foods.
From results of three studies, it is found that beliefs are a crucial factor to influence
consumer purchase intention of GM foods. Given the findings of three studies, an important
implication may be drawn for government and policy- makers as well as for producers and
marketers of GM products. Consumer beliefs are shaped through information provided by
various sources. The primary information sources for GM foods include government, consumer
and environmental groups, biotech industry, and scientist and academics. However, as each
institution offers dissimilar information about GM foods, it is difficult that consumers have
access to sound and balanced information about them. While the biotech industry tends to
emphasize positive effects of GM foods to society, consumer and environmental groups are more
likely to promote the negative characteristics of GM foods. Thus, among those primary
information sources, scientists and academics are considered as a reliable, knowledgeable,
independent third-party source about GM (Huffman et al., 2004). According to Huffman’s
findings, when participants obtained GM information from a third-party source, they are more
likely to participate in the market. This suggests that the effects of unfavorable information
toward GM foods, mainly supplied by consumer and environmental groups, can be lessened by
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information from a third-party. As a result, consumer beliefs improve and, eventually, their
purchase intention for GM foods increases.
A secondary information source about GM is from mass- media. It is believed that
information from mass-media is more focused on negative information. Accordingly, consumer
beliefs are shaped from the negative information, and, as a result, consumers develop
unfavorable attitudes toward GM foods. However, as consumers become more knowledgeable
and make informed choices, their sensitivity to risk decreases (Moon and Balasubramanian,
2004). Thus, when balanced and reasonable information is provided consumers, their beliefs
become positive toward GM foods, ultimately causing more acceptability of them.
A limitation of the studies is that most respondents are highly-educated relative to the
overall population, which is common in mail survey. Less-educated people may have different
purchase intentions relative to educated consumers. For example, consumers participating in the
survey are more likely to be interested in GM foods compared to nonrespondents, and more
sensitive to the risk and benefits of GM foods relative to general population. This may lead to an
upward bias in the estimation of purchase intention of GM foods.
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AND COMPLEMENTARY DOCUMENTS
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•

Please complete the questionnaire and return it in the postage-paid return envelope.

•

Your answers are completely confidential. Do not write your name on the questionnaire.

Thank you for your help. We hope you will take part and let your views be represented.
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BACKGROUND
Certain food products are being developed or modified by new scientific techniques such as biotechnology or
genetic engineering. Biotechnology involves taking the genes from one species and inserting them in another to
transfer a desired trait or characteristic. Biotech crops can resist diseases, are protected from insect damage, and
require less pesticide use, all of which potentially aid farmers and consumers. Biotech foods also provide consumers
with improved nutritional qualities, or other specialty traits, such as shape, size, freshness and wholesomeness. The
purpose of this survey is to determine your preferences regarding the labeling of these types of products.

Section I: Consumer Awareness and Perceptions of Biotech Foods

1.

Have you read or heard about the use of biotechnology, genetically engineered (GE), genetically modified
(GM), genetically modified organism (GMO) or bioengineered ingredients in the production of food?
a) Yes, I have read or heard about biotech foods.
b) No, I have not read or heard anything about biotech foods.
If your answer to question 1 was (a), please answer questions 2 through 5. Otherwise go to question 6.

2.

Using a 5 point scale, how well informed would you say you are about biotechnology, where one means you
are not at all informed and 5 means you are very informed. (Please circle your response)
a)
b)
c)
d)
e)

5
4
3
2
1

- very informed
- moderately informed
- somewhat informed
- minimally informed
- not at all informed

3. Which of the following terms are you most familiar with? (Circle one)
a)
b)
c)
d)
e)
4.

Biotech foods
Genetically engineered foods (GE)
Genetically modified foods (GM)
Genetically modified organism (GMO) – GMO foods
Bioengineered foods

Are there any foods produced through biotechnology in your local supermarket or grocery store? (Circle one)
a) Yes

b) No

c) Don’t know

5. If answered yes, which foods? (Circle all you know)
a) Vegetables
b) Tomatoes
c) Fruits

d) Meats
e) Milk/Dairy
f) Cereals/Grains
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g) Corn
h) Potatoes
i) Processed foods

Please read the following statements carefully, then circle the response that most nearly reflects your opinion.

SA = Strongly Agree,

A = Agree,

N = Neutral,

D = Disagree,

SD = Strongly Disagree

6. Biotech foods are reasonably safe for human consumption……………............. SA

A

N

D

SD

7. Biotech crops may have adverse effects on wildlife and the environment… … .. SA

A

N

D

SD

8. Meat products produced using biotechnology are more likely to pose
health risks than foods made from biotech crops……………………………….…SA

A

N

D

SD

9. Biotechnology benefits society because it allows farmers to produce food
more efficiently……………………………………………………………....……. SA

A

N

D

SD

10. There is no need to be concerned about the safety of biotech foods because the
U.S. Food and Drug Administration (FDA) would not let these products be
sold in supermarkets if they were not safe
……………………...………..… SA

A

N

D

SD

11. Food labels are needed to show the presence of biotech ingredients, since
consumers could face unknown health risks ......………….………………………SA

A

N

D

SD

12. It is unethical to produce a food using biotechnology…………………………… SA

A

N

D

SD

SECTION II: Mandatory or Voluntary Labeling
The present policy of the U.S. Food and Drug Administration (FDA) is that labeling of biotech foods should be
voluntary, since it has been determined these foods have the same safety and nutritional contents as other foods.
FDA argues that mandatory labeling of biotech foods could unnecessarily raise the health concerns about biotech
foods. However, critics of this policy say that any food produced through biotechnology should be labeled, even if
the safety aspect of the food has not been altered. They argue it is the consumer’s right to know.
13.

Which labeling policy are you most likely to agree with, the FDA’s or its critics?
a) FDA- voluntary labeling of biotech foods
b) Critics – mandatory labeling of biotech foods

If your answer to question 13 was (b), please answer question 14. Otherwise, go directly to section III
14.

Mandatory labeling of biotech foods should be
a)
b)
c)
d)
e)

required only if more than 50% of the product’s ingredients are produced with biotechnology.
required only if more than 25% of the product’s ingredients are produced with biotechnology.
required only if more than 10% of the product’s ingredients are produced with biotechnology.
required only if more than 5% of the product’s ingredients are produced with biotechnology.
required if they contain any trace of ingredients produced with biotechnology.
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SECTION III: Labeling Formats

(B) No logo, but the following inserted in
the ingredients list

(A) Logo on the front and the following text
inserted in the ingredients list.
This product contains soybean oil developed
using biotechnology to decrease the amount of
saturated fat.

This product contains soybean oil
developed using biotechnology to decrease
the amount of saturated fat.

Biotech logo

Rating ___________

Rating ___________

(D) Logo on the front only

(C) No Biotech Label

Biotech
logo

Rating________

Rating________
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( E) No logo but the following

(F) logo on the side and the following inserted
in the ingredient’s list.

inserted in the ingredient’s list.
Contains ingredients derived using
biotechnology

Contains ingredients derived using
biotechnology

Biotech
logo

Rating ____________

Rating ____________

(G) logo on the front and the following inserted in the
ingredient’s list.
Contains ingredients derived using
biotechnology

Biotech
logo

Rating ___________
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SECTION IV: Purchase of Biotech Foods
15. Would you purchase a non-meat food product (example slow-ripening tomato or corn chips) that has been
produced using biotechnology?
a) Yes

b) No

c) Uncertain

16. Would you purchase a meat product (example bST milk) that has been produced using biotechnology?
a) Yes

b) No

c) Uncertain

SECTION V: Consumer Use of Food Labels
17. How often do you read the nutritional section of food labels before buying a familiar food product? (Circle
one)
a) Always
b) Often
c) Sometimes
d) Rarely
e) Never
18. How often do you read the ingredients section of food labels before buying a familiar food product? (Circle
one)
a) Always
b) Often
c) Sometimes
d) Rarely
e) Never
19. How often do you read the nutritional section of food labels before buying a new food product? (Circle one)
a) Always

b) Often

c) Sometimes

d) Rarely

e) Never

20. How often do you read the ingredients section of food labels before buying a new food product? (Circle one)
a) Always

b) Often

c) Sometimes

d) Rarely

e) Never

Section VI: Demographics
All information is confidential
1. Gender (Circle one)
a) Male

b) Female

2. Which of the following best describes your age category in years? (Circle one)
a) 18 – 24
b) 25 – 34

c) 35 – 44
d) 45 – 54

e) 55 – 64
f) 65 or older

3. How many members of your household are in the following age groups? (List all that apply)
a) Infants 0-24 months_________________
b) Children 2-17 years _________________
c) Adults 18 or older _________________
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4. Which of the following best describes your ethnic background? (Circle one)
a) African American
b) American Indian

c) Asian
d) Hispanic

e) Caucasian (white)
f) Other ____________

5. Please indicate the highest education attained. (Circle one)
a) Less than High school
b) High school
c) Technical college

d) Some college
e) Bachelor degree
f) Post graduate work

6. What is your marital status? (Circle one)
a) Married

b) Single

7. Which of the following categories best describes your annual 2001 income? (Circle one)
a) Less than $15,000
b) $15,000 - $29,999
c) $30,000 - $44,999

d) $45,000 - $59,999
e) $60,000 - $74,999
f) $75,000 - $89,999

g) $90,000 - $104, 999
h) $105,000 - $119,999
i) More than $120,000

8. Please chose the one category that most closely describes your occupation? (Circle one)
a)
c)
e)
g)
i)
k)

Business
Engineering
Government
Housewife
Retired
Unemployed

b) Agriculture and Natural Resources
d) Education
f) Healthcare
h) Student
j) Self-employed
l) Other ____________

Please use the space below to make any additional comments or questions

Thank you for your time and cooperation in helping to make this a successful study
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Department of Agricultural Economics an Agribusiness
101 Agricultural Administration Building
Louisiana State University
Baton Rouge, LA 70803-5604
(225)578-3282
Fax: (225)578-2716

June 5, 2002
Dear Sir or Madam:

As you may or may not know, biotechnology is being used more often in the production of
certain food products. Biotechnology is the use of scientific techniques to make new or better
products. It has the potential to make crop more nutritious, taste better, last longer, and naturally
resist insects, viruses and herbicides. It is also being used in the pharmaceutical, manufacturing,
food processing and environmental industries.
The department of Agricultural Economics and Agribusiness at Louisiana State University is
conducting a study of biotechnology and labeling of foods made from biotechnology. The
enclosed survey is intended to collect information about your knowledge of biotechnology and
the types of labeling formats you would prefer for food products made using biotechnology.
The survey will help us and the food industry better understand how consumers use food labels.
The results will also help the food industry better understand how consumers view
biotechnology. Consequently, your participation is very important to the success of this study.
All of your responses are strictly confidential and will not be used for any other purposes other
than this study. Please take a few minutes to fill out the questionnaire and return it in the
postage-paid envelope.
If you have any questions regarding the survey please contact Dr. Wes Harrison at
wharrison@agctr.lsu.edu or Mr. Everald Mclennon at smclen1@lsu.edu or at 225-578-2595.
Thank you for your participation.
Sincerely,

Wes R. Harrison, Ph. D.
Associate Professor
Food Marketing
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Department of Agricultural Economics and Agribusiness
101 Agricultural Administration Building
Louisiana State University
Baton Rouge, LA 70803-5604
(225)578-3282
Fax: (225)578-2716

June 19, 2002

Dear Sir or Madam:

About two weeks ago, a questionnaire seeking information about agricultural food production
and biotechnology was sent to you. The survey deals with the consumer’s knowledge of
biotechnology and labeling formats you would prefer for food products made using
biotechnology. You were selected as an important participant in this study.
As of today, we have not yet received your completed questionnaire. I am writing to convey the
importance of your response to this study. The survey provides an opportunity for your input into
the labeling of these types of foods.
If you have recently completed and returned the survey, please accept our sincere thanks. If not, I
have enclosed another copy for your convenience. I urge you to please take a few minutes, fill
out the questionnaire and return it in the postage-paid envelope
Please be assured that all responses are strictly confidential and will not be used for any other
purposes other than this study.
If you have any questions regarding the survey please contact Dr. Wes Harrison at
wharrison@agctr.lsu.edu or Mr. Everald Mclennon at smclen1@lsu.edu or at 225-578-2595.
Thank you for your participation, yo ur cooperation is greatly appreciated.
Sincerely,

R. Wes Harrison, Ph. D.
Associate Professor
Food Marketing
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THE SECOND SURVEY QUESTIONNAIRE
AND COMPLEMENTARY DOCUMENTS
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Consumer Acceptance of
Genetically Modified (GM) Foods

Louisiana State University
Department of Agricultural Economics and Agribusiness

Your answers are completely confidential. Please do not write your name on the questionnaire.
Thank you for your time.
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Section I. Consumer Knowledge
1. Which of the following best describes your role in your household’s food shopping practices? (Mark S one)
G I am the primary food shopper in my household
G I am a secondary food shopper in my household
G Other (please specify) _______________
2. On a scale from 1 to 10, please tell us how knowledgeable you are about genetically modified (GM) foods.
(1 being not at all knowledgeable and 10 being very knowledgeable, please mark S one)
G1
G 2
G 3
G4
G 5
G 6
G 7
G 8
G 9
G 10
3. Please tell us if you think the following statements are True or False. (Please mark S one)
True
False

Don’t
Know

a. Transferring genes from animals to plants is scientifically possible ................................
G

G

G

b. Tomatoes that have been genetically modified with a fish’s genes will have
G
a fishy taste................................................................................................................................

G

G

G

G

G

G

G

G

c. Genetically modified potatoes contain genes while ordinary potatoes do
G
not....................................................................................................................
..
d. Eating GM foods will not modify a person’s genes................................................................
G
e. Genetically modified crops are the same as cloning ................................................................
G

Section II. Consumer Perceptions of GM Foods
4. Please tell us the extent you believe genetically modified (GM) foods (i.e., GM crops and animal feeds)
affect your health and society’s well being. (Please mark S one, where SD=Strongly Disagree, D=Disagree,
N=Neutral, A=Agree, SA=Strongly Agree)
SD

N

A

SA

a. GM foods can lower your risk of heart disease and some types of cancer................................
G
G

G

G

G

b. GM crops are beneficial to your health since they lead to foods with less
G
G
chemical residue ................................................................................................................................

G

G

G

c. GM foods may be harmful to people having allergic reactions to particular
foods ................................................................................................................................ G

G

G

G

G
G
G
d. GM crops benefit society because they lower the farmer’s production costs ................................

G

G

G
G
G
e. GM foods should be separated from ordinary foods to prevent contamination................................

G

G

f. GM foods can have unforeseen harmful affects on human health................................G

G

G

G

G

g. GM crops benefit consumers because they lower food prices................................ G

G

G

G

G

h. GM crops with antibiotic-resistance genes pose health risks for humans since
G
G
G
they may reduce the effectiveness of beneficial antibiotics ................................................................

G

G

i. GM foods pose a health risk since they have traits that may not be
G
G
G
detected through normal testing of foods ................................................................

G

G

j. GM crops are beneficial to society because they help solve food shortages in
less developed countries................................................................................................ G

G

G
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D

G

G

G

5. Please tell us the extent you believe genetically modified (GM) foods (i.e., GM crops and animal feeds)
affect wildlife and the environment.
(Please mark S one, where SD=Strongly Disagree, D=Disagree, N=Neutral, A=Agree, SA=Strongly Agree)
SD
D
N
A
SA
a. The herbicides used with some GM crops kill plants that are beneficial to
G
G
G
G
wildlife................................................................................................................................ G
b. GM crops are harmful to the environment because they can cross pollinate
with non-GM crops................................................................................................................................
G
G
G

G

G

c. GM crops are beneficial to the environment because they allow farmers to use
fewer herbicides and pesticides................................................................................................
G
G

G

G

G

d. GM fish are harmful to the environment because they compete with wild fish
for food and mating partners ................................................................................................
G

G

G

G

e. GM crops are beneficial because they lead to adoption of more
environmentally friendly farming systems...............................................................................................
G
G
G

G

G

f. GM crops are beneficial because they result in increased soil moisture
retention, decreased soil erosion, and pesticide run-off................................................................
G
G

G

G

G

g. GM crops are harmful to the environment because they kill useful
microorganisms in the soil ................................................................................................ G

G

G

G

G

h. GM crops are beneficial to the environment because they lead to farming
systems that improve air and water quality................................................................ G

G

G

G

G

i. GM crops are beneficial because they increase the availability of habitat and
ground cover for wildlife................................................................................................ G

G

G

G

G

j. GM crops threaten indigenous plants and animals ................................................................
G

G

G

G

G

G

Section III. Ethics and Trust in Biotechnology Institutions
6. Genetic modification raises moral and ethical concerns for some people. Please, tell us the extent you
agree or disagree with each of the following statements.
(Please, mark S one, where SD=Strongly Disagree, D=Disagree, N=Neutral, A=Agree, SA=Strongly Agree)
SD
D
N
A
SA
a. Genetic modification violates the basic principles regarding the relationship
between humans and nature ................................................................................................ G

G

G

G

b. Genetic modification is like playing God ................................................................................................
G
G
G

G

G

c. Humans have a duty to respect nature and animal welfare ................................................................
G
G

G

G

G

d. Creating GM plants and animals is morally wrong................................................................
G

G

G

G

G

e. GM crops go against nature................................................................................................ G

G

G

G

G
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G

7. Please answer the following questions using a scale from 1 to 5 where 1 indicates no trust at all, and 5
indicates a very high degree of trust. (Mark S one for each)
a. For each of the institutions listed below, how much do you trust the
information they provide regarding the safety and nutritional aspects of
GM foods?

1

2

3

4

5

Government agencies ................................................................................................G

G

G

G

G

Consumer and environmental groups................................................................ G

G

G

G

G

Food and agribusiness companies................................................................................................
G
G
G

G

G

Scientists and academics ................................................................................................
G

G

G

G

G

1

2

3

4

5

Government agencies ................................................................................................G

G

G

G

G

Consumer and environmental groups................................................................ G

G

G

G

G

Food and agribusiness companies................................................................................................
G
G
G

G

G

Scientists and academics ................................................................................................
G

b. How much do you trust the following institutions to protect wildlife and
the environment from potential harmful effects of genetically modified
crops?

G

G

G

G

1

2

3

4

5

Government agencies ................................................................................................G

G

G

G

G

Consumer and environmental groups................................................................ G

G

G

G

G

Food and agribusiness companies................................................................................................
G
G
G

G

G

Scientists and academics ................................................................................................
G

G

G

c. How much do you trust the following institutions regar ding testing,
inspection, and regulation of GM foods?

G

G

Section IV. Acceptance of and Willingness to Buy Genetically Modified Foods
8. Please read the following statements carefully and tell us to what extent you agree or disagree with
each of the following statements.
(Please mark S one, where SD=Strongly Disagree, D=Disagree, N=Neutral, A=Agree, SA=Strongly Agree)
SD
a. Labels that disclose the presence of GM ingredients are necessary
G
to differentiate regular foods from GM foods................................................................

D

N

A

SA

G

G

G

G

G
b. Risks associated with GM foods are acceptable................................................................

G

G

G

G

G
G
c. I am afraid of eating GM foods................................................................................................

G

G

G

G
d. The potential risks from GM foods have been greatly overstated................................

G

G

G

G

G
e. The benefits of GM foods outweigh the risks ................................................................

G

G

G

G
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9. Please tell us whether you agree or disagree with the following statements.
(Please mark S one, where SD=Strongly Disagree, D=Disagree, N=Neutral, A=Agree, SA=Strongly Agree)
SD
D
N
A
SA
a. I have no problem with buying GM foods..........................................................................................
G
G

G

G

G

b. I avoid buying GM foods.......................................................................................................................
G
G

G

G

G

c. I would be willing to buy a GM tomato with enhanced nutritional value ................................
G

G

G

G

G

d. I would be willing to buy GM foods if they were less expensive...................................................
G
G

G

G

G

e. I would be willing to buy vegetable oil made of genetically modified
G
G
soybeans.....................................................................................................................................................

G

G

G

Section V: Genetically Modified (GM) Foods Labeling Policy
Please read the following statement before answering questions 10 and 11:
The current policy of the U.S. Food and Drug Administration (FDA) is that
labeling of GM foods should be voluntary since it has been determined these foods have the same
safety and nutritional content as traditional foods. FDA believes that mandatory labeling would
unnecessarily raise the health concerns about GM foods and could also increase foods prices. On the
other hand, some critics of this policy argue that any food containing ingredients produced through
genetic modification should be labeled, even if the safety aspect of the food has not been altered. They
argue that it is the consumer’s right to know.
10. Which labeling policy do you prefer, FDA’s current labeling policy, or a mandatory labeling policy that
requires all GM foods to be labeled? (Mark S one)
G I prefer FDA’s current voluntary labeling policy à [Please skip to 15]
G I prefer a mandatory labeling policy à [Please continue with 11]
11. If FDA is right and food prices must increase to pay for labeling, would you be willing to pay a premium
for mandatory labeling of all GM foods? (Mark S one)
G Yes à [Please continue with 12]
G No à [Please skip to 15]
12. What is the largest percentage premium you would be willing to pay?
_______________ %
13. On a scale from 0% to 100%, 0% being very uncertain and 100% being very certain, how sure are you
about your willingness to pay the premium you gave in the previous question? (Mark S one)
G
0%

G
10%

G
20%

G
30%

G
40%

G
50%

G
60%

G
70%

G
80%

G
90%

G
100%

Very uncertain à------------------------------------------------------------- à Very certain
à [If lower than 80%, continue with 14. Otherwise, please skip to 15]
14. Since your response to question 13 was less than 80%, what is the percentage premium that you are 80%
sure you would pay?
_______________%
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Section VI: Consumer Characteristics for Food Consumption
15. How often do you read foods labels before
buying a new food product? (Mark S one)
G All of the time
G Most of the time
G Some of the time
G Seldom
G Never

16. How often do you purchase organic food?
(Mark S one)
G All of the time
G Most of the time
G Some of the time
G Seldom
G Never

Section VII: Willingness to Pay for GM Foods
In this section, we would like you to read the following statement before answering some questions about your
willingness to pay a premium for GM foods.
Some GM foods provide nutritional and environmental benefits relative to conventional foods. Thus, some
consumers are willing to pay a premium for them. When surveying consumers about food pricing, our experience
has been that people tend to overestimate the premiums they are really willing to pay for certain foods. For this
reason, we ask you to respond to the following questions just exactly as you would under real circumstances - that
is, as if you were really going to spend your own money.
17. Would you be willing to pay a premium for GM potatoes if they were more nutritious than the usual
potatoes you buy? (Mark S one)
G Yes à [Please continue with 18]
G No à [Please skip to 21]
18. What is the largest percentage premium you would be willing to pay?
_______________ %
19. On a scale from 0% to 100%, 0% being very uncertain and 100% being very certain, how sure are you
about your willingness to pay the premium you gave in the previous question? (Mark S one)
G
0%

G
10%

G
20%

G
30%

G
40%

G
50%

G
60%

G
70%

G
80%

G
90%

G
100%

Very uncertain à ------------------------------------------------------------- à Very certain
à [If lower than 80%, continue with 20. Otherwise, please skip to 21]
20. Since your response to question 19 was less than 80%, what is the percentage premium that you are 80%
sure you would pay?
_______________%
21. Would you be willing to pay a premium for GM beef if it contained less fat and lower cholesterol than the
usual beef that you buy? (Mark S one)
G Yes à [Please continue with 22]
G No à [Please skip to 25]
22. What is the largest percentage premium you would be willing to pay?
_______________ %
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23. On a scale from 0% to 100%, 0% being very uncertain and 100% being very certain, how sure are you
about your willingness to pay the premium you gave in the previous question? (Mark S one)
G
0%

G
10%

G
20%

G
30%

G
40%

G
50%

G
60%

G
70%

G
80%

G
90%

G
100%

Very uncertain à ---- --------------------------------------------------------- à Very certain
à [If lower than 80%, continue with 24. Otherwise, please skip to 25]
24. Since your response to question 23 was less than 80%, what is the percentage premium that you are 80%
sure you would pay?
_______________%

Section VIII: Socio -Demographics
25. Where do you live? (Mark S one)
G Rural area
G Suburban area
G Urban area
26. What is your gender? (Mark S one)
G Male
G Female
27. What is your marital status? (Mark S one)
G Single
G Married
28. Which of the following best describes your age category in years? (Mark S one)
G 18 - 24
G 25 - 34
G 35 - 44
G 45 – 54
G 55 – 59
G 60 - 64
G 65 or older
29. Which of the following best describes your ethnic background? (Mark S one)
G Black (African American)
G Caucasian (white)
G Asian
G Hispanic
G Other _______
30. How many members of your household are in the following age groups including yourself? (Mark S
and write all numbers that apply)
G Infants/Toddler (<5 years)
_______
G Young (= 5 years but <12 years) _______
G Youth (= 12 years but <18 years) _______
G Adults (= 18 years)
_______
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31. Please indicate your highest level of education attained. (Mark Sone)
G Less than high school
G High school (or equivalency)
G Technical or some college
G Associate degree
G Bachelor degree
G Advanced degree
32. Which of the following best describes your annual income? (Mark S one)
G Under $15, 000
G $15,000 - $24,999
G $25,000 - $34,999
G $35,000 - $49,999
G $50,000 - $74,999
G $75,000 - $99,999
G $100,000 - $149,999
G $150,000 and over
Thank you very much for taking time to complete this questionnaire. Please insert it in the selfaddressed, postage-paid envelope provided and mail it today to:
Dr. R. Wes Harrison
Department of Agricultural Economics
101 Agricultural Administration Building
Louisiana State University
Baton Rouge LA 70803
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Department of Agricultural Economics and Agribusiness
101 Agricultural Administration Building
Louisiana State University
Baton Rouge, LA 70803-5604
(225)578-3282
Fax: (225)578-2716

Dear Mr. Eric Lawson

We are writing to ask your help in a study of genetically modified (GM) foods. As you may
know, genetic modification or biotechnology is being used more often in the production of
certain food products. The terms “genetically modified” or “biotechnology” refers to modern
techniques of cellular and molecular biology used to alter the genetic composition of crops,
foods, or food ingredients. Most of GM crops provide benefits to farmers, but many others are
being developed to provide specific nutritional benefits for consumers. However, some
consumers are concerned about the possibility that GM foods may cause human health problems,
or that they may harm our environment.
To better understand your concerns, the department of Agricultural Economics and Agribusiness
at Louisiana State University is conducting a study of GM foods. The enclosed survey is
intended to collect information about your beliefs and attitudes about GM foods, and your
willingness to pay for some GM foods.
The survey will help us and the food industry better understand how consumers perceive GM
foods. Your answers are completely confidential and will be released only as summaries in
which no individual’s answers can be identified. When you return your completed questionnaire,
your name will be deleted from the mailing list and never connected to your answers in any way.
This survey is voluntary, but your response is very important. You can help us very much by
taking a few minutes to share your opinions about GM foods. Please take a few minutes to fill
out the questionnaire and return it in the postage-paid envelope.
If you have any questions or comments regarding the survey, we would be happy to talk with
you. Our number is (225) 578-2727, or (225) 578-2728. Or email us at wharrison@agctr.lsu.edu,
or jhan4@lsu.edu.
Thank you very much for helping with this important study.
Sincerely,

R. Wes Harrison, Ph.D.
Associate Professor

Jae-Hwan Han
Research Assistant

THE LOUISIANA AGRICULTRAL EXPERIMENT STATION PROVIDES EQUAL OPPORTUNITIES IN PROGRAMS AND EMPLOYMENT
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Department of Agricultural Economics and Agribusiness
101 Agricultural Administration Building
Louisiana State University
Baton Rouge, LA 70803-5604
(225)578-3282
Fax: (225)578-2716

Dear Mr. Jonn B. Griffin

About three weeks ago, we sent a questionnaire to you that asked about your perceptions and
willingness to pay a premium of genetically modified (GM) foods providing health benefits. To
the best of our knowledge, it’s not yet been returned.
The responses of people who have already returned include a wide variety of perceptions about
GM foods. Many have indicated their different attitudes about and willingness to pay a premium
for GM foods. We think the results are going to be very useful to food industry and the
government policymakers.
We are writing again because of the importance that your questionnaire has for helping to get
accurate results. Although we sent questionnaires to people living in every state, it’s only by
hearing from nearly everyone in the sample that we can be sure that the results are truly
representative.
A comment on our survey procedures. A questionnaire identification number is printed on the
back cover of the questionnaire so that we can check your name of the mailing list when it is
returned. The list of names is then destroyed so that individual names can never be connected to
the results in any way. Protecting the confidentiality of people’s answers is very important to us,
as well as the University.
We hope that you will fill out and return the questionnaire soon, but if for any reason you prefer
not to answer it, please let us kno w by returning a note or blank questionnaire in the enclosed
postage-paid envelope.
Sincerely,

R. Wes Harrison, Ph.D.
Associate Professor

Jae-Hwan Han
Research Assistant
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APPENDIX 3
THE FIRST SURVEY RESPONSE SUMMARY
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RESPONSE RATES OF SEVEN METROPOLITAN REGIONS USED IN A SURVEY
OF CONSUMER ATTITUDES CONCERNING AGRICULTURAL
BIOTECHNOLOGY
Region

Number of Surveys
Returned
100
92
85
71
61
57
43
509

Number of Surveys Mail

Denver
New Orleans
Chicago
Los Angeles
Atlanta
Houston
New York
Total

500
500
500
500
450
500
500
3,450

Response Rate
20.0
18.40
17.00
14.20
13.56
11.40
8.60
14.75

RESPONDENTS’ AWARENESS LEVEL OF BIOTECHNOLOGY IN A SURVEY
OF CONSUMER ATTITUDES CONCERNING AGRICULTURAL
BIOTECHNOLOGY

Aware of biotechnology
Not aware of biotechnology

Number of Respondents

Percentage of Respondents

429

84 %

80

16 %
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CROSS TABULATION OF AWARENESS LEVEL AND SOCIO-ECONOMIC
DEMOGRAPHIC MAKE-UP OF SAMPLE IN A SURVEY OF CONSUMER
ATTITUDES CONCERNING AGRICULTURAL BIOTECHNOLOGY

% Total
Response

Percentage Level of Awareness

Aware

Very
Informed

Moderately
Informed

Somewhat
Informed

Minimally
Informed

Not at all

Gender
Male
Female

58.04a
41.96

1.63b
3.03

20.75
15.15

18.18
13.99

15.15
8.62

2.33
1.17

Age (years)
18-24
25-34
35-44
45-54
55-65
65 or older

2.10
9.32
21.21
27.51
18.18
21.68

0.00
0.93
0.70
0.70
0.93
1.40

1.17
2.10
10.49
8.39
5.83
7.93

0.70
3.73
4.43
10.49
7.23
5.83

0.23
2.10
5.13
6.99
3.26
6.06

0.00
0.47
0.47
1.17
0.93
0.47

Education
Less than high
0.00
0.00
0.00
0.00
0.00
0.00
school
High school
8.86
1.86
3.96
1.17
1.63
0.23
Technical school
7.69
0.23
3.03
4.20
0.23
0.00
Some college
20.51
1.17
10.49
4.90
3.50
0.47
Bachelor degree
31.00
0.93
11.19
10.02
8.16
0.70
Post graduate work
31.93
0.47
7.23
12.12
10.26
2.10
a
- Vales in the table are the percentage of total responses for awareness of the sample.
b
- Values in the tables are the percentage of total responses indicating each level of biotech awareness

RESPONDENTS’ REPONSES TO A MANDATORY LABELING POLICY IN A
SURVEY OF CONSUMER ATTITUDES CONCERNING AGRICULTURAL
BIOTECHNOLOGY

Number of Respondents

Percentage of Respondents

Voluntary Labeling

103

20

Mandatory Labeling

406

80
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RESPONDENTS’ PERCEPTIONS AND ATTITUDES OF BIOTECHNOLOGY IN A SURVEY OF
CONSUMER ATTITUDES CONCERNING AGRICULTURAL BIOTECHNOLOGY
Strongly
Agree

Agree

Neutral

Disagree

Strongly
Disagree

Percent
Q6. Biotech Foods are reasonably safe for human consumption.

7.07

34.18

41.45

11.39

5.89

Q7. Biotech crops may have adverse effects on wildlife and the environment.

10.81

29.08

41.85

15.32

2.75

4.13

20.43

53.05

19.06

3.34

11.00

42.63

30.45

10.81

5.11

3.34

19.45

20.83

31.04

24.75

40.86

40.67

12.57

4.91

0.98

4.72

8.45

36.54

29.86

20.24

Q8. Meat products produced using biotechnology are more likely to pose health risks
than foods made from biotech crops.
Q9. Biotechnology benefits society because it allows farmers to produce food
more efficiently.
Q10. There is no need to be concerned about the safety of biotech foods because the
U.S. Food and Drug Administration (FDA) would not let these products be sold
in supermarket if they were not safe.
Q11. Foods labels are needed to show the presence of biotech ingredients, since
consumers could face unknown health risks.
Q12. It is unethical to produce a food using biotechnology.

PERCENTAGE OF RESPONDENS INDICATING THEIR USE OF FOOD LABELS IN SURVEY OF CONSUMER
ATTITUDES CONCERNING AGRICULTURAL BIOTECHNOLOGY

Always

Often

Sometimes

Rarely

Never

Percent
Q17. How often do you read the nutritional section of food labels before buying a
familiar product.
Q18. How often do you read the ingredients section of food labels before buying a
familiar product.
Q19. How often do you read the nutritional section of food labels before buying a new
product.
Q20. How often do you read the ingredients section of food labels before buying a
new product.
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14

37

31

16

2

11

33

32

21

3

40

41

14

4

1

40

38

15

6

1

PERCENTAGE OF RESPODENTS INDICATING LEVELS OF AWARENESS IN A
SURVEY OF CONSUMER ATTITUDES CONCERNING AGRICULTURAL
BIOTECHNOLOGY
40.0

35.9
32.4

35.0

30.0

Percent of Respondents

23.8
25.0

20.0

15.0

10.0
4.4
3.5
5.0

0.0
Very informed

Moderately
informed

Somewhat
informed

Minimally
informed

Not at all informed

Level of Awareness

PERCENT OF RESPONDENTS INDICATING THE MOST FAMILIAR
BIOTECHNOLOGY TERM IN A SURVEY OF CONSUMER ATTITUDES
CONCERNING AGRICULTURAL BIOTECHNOLOGY

Genetically modified
organism (GMO) - GMO
food
7%

Bioengineered foods
6%

Genetically modified foods
(GM)
22%

Biotech foods
13%

Genetically engineered
foods (GE)
52%
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NUMBER AND KINDS OF FOOD IDENTIFIED AS BEING PRODUCED BY
BIOTECHNOLOGY IN THEIR LOCAL SUPERMARKET IN A SURVEY OF
CONSUMER ATTITUDES CONCERNING AGRICUTURAL BIOTECHNOLOGY

Meats 64

Potatoes 56

40

Processed Foods 67

Milk/Dairy

60

72

Fruits 86

Corn 98

Cereal/Grains 86

Number of Respondents

80

Tomatoes 100

100

Vegetables 114

120

20

0
Types of Food

RESPONDENT’S CHOICES ON PURCHASING A NON-MEAT VERSUS MEAT
PRODUCT MADE FROM BIOTECHNOLOGY IN A SURVEY OF CONSUMER
ATTITUDES CONCERNING AGRICULTURAL BIOTECHNOLOGY

44%

Uncer
-tain
No

38%

Would you purchase a
meat product made
from biotechnology?

32%
16%

Would you purchase a
non-meat food product
made from biotechnology?

24%
Yes

46%

NUMBER AND PERCENTAGE OF RESPONDENTS INDICATING THE MINIMUM
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LEVELS OF BIOTECH INGREDIENTS THAT WARRANT MANDATORY LABELING
IN A SURVEY OF CONSUMER ATTITUDES CONCERNING AGRICULTURAL
BIOTECHNOLOGY

300

274

250

Number of Respondents

200

150

100

67.5%
56
50

25

25
6.2%

26
13.8%

6.2.%

6.4%

0

50% of product's
ingredients

25% of product's
ingredients

10% of product's
ingredients
Threshold Levels

131

5% of product's
ingredients

Any trace of
product's ingredients

APPENDIX 4
THE SECOND SURVEY RESPONSE SUMMARY
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RESPONDENTS’ SUBJECTIVE AND OBJECTIVE KNOWLEDGE ABOUT
GENETIC MODIFICATION (GM) IN A SURVEY OF CONSUMER ACCEPTANCE
OF GM FOOD
Degree of Knowledge
1
2
3
4
5
6
7
8
9
10
Questions
a. Transferring genes from
animals to plants is
scientifically possible.
b. Tomatoes that have been
genetically modified with a
fish’s genes will have a fishy
taste.
c. Genetically modified potatoes
contain genes while ordinary
potatoes do not.
d. Eating GM foods will not
modify a person’s genes.
e. Genetically modified crops are
the same as cloning.

%
18.81
13.40
12.89
11.08
17.01
6.70
9.02
5.41
2.84
2.84
True (%)

Mean

Std. Dev.

4.14

2.50

False (%)

Don’t Know (%)

Mean

Std. Dev.

28.57

28.83

42.60

2.14

0.83

4.34

61.22

34.44

2.30

0.55

13.49

54.96

31.55

2.18

0.65

57.54

9.72

32.74

1.75

0.92

11.03

62.56

26.41

2.15

0.59

133

RESPONDENT’S PERCEPTIONS ABOUT HEALTH RISKS/BENEFITS OF GM FOODS IN A SURVEY OF
CONSUMER ACCEPTANCE OF GM FOOD (%)
Statements
a. GM foods can lower your risk of heart disease and some types of
cancer.
b. GM crops are beneficial to your health since they lead to foods with
less chemical residue.
c. GM foods may be harmful to people having allergic reactions to
particular foods.
d. GM crops benefit society because they lower the farmer’s production
costs.
e. GM foods should be separated from ordinary foods to prevent
contamination.
f. GM foods can have unforeseen harmful affects on human health.
g. GM crops benefit consumers because they lower food prices.
h. GM crops with antibiotic-resistance genes pose health risks for
humans since they may reduce the effectiveness of beneficial
antibiotics.
i. GM foods pose a health risk since they have traits that may not be
detected through normal testing of foods.
j. GM crops are beneficial to society because they help solve food
shortages in less developed countries.

Strongly
Disagree
5.68

Disagree

Neutral

Agree

17.57

48.84

25.06

6.41

15.64

37.95

35.90

2.58

17.78

40.46

30.41

6.94

16.20

35.73

7.40

26.53

5.12
5.63
4.35

Mean

Std. Dev.

3.02

0.88

3.16

0.96

8.76

3.25

0.94

33.68

7.46

3.19

1.02

32.65

20.15

13.27

3.05

1.14

17.90
22.25
14.07

33.76
41.18
43.99

26.60
26.34
26.60

16.62
4.60
11.00

3.32
3.02
3.26

1.10
0.95
0.98

2.84

20.36

37.11

28.09

11.60

3.25

1.00

5.15

11.86

28.09

42.53

12.37

3.45

1.02
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Strongly
Agree
2.84
4.10

RESPONDENT’S PERCEPTIONS ABOUT ENVIRONMENTAL RISKS/BENEFI TS OF GM FOODS IN A SURVEY OF
CONSUMER ACCEPTANCE OF GM FOOD (%)
Statements
a. The herbicides used with some GM crops kill plants that are
beneficial to wildlife.
b. GM crops are harmful to the environment because they can cross
pollinate with non-GM crops.
c. GM crops are beneficial to the environment because they allow
farmers to use fewer herbicides and pesticides.
d. GM fish are harmful to the environment because they compete with
wild fish for food and mating partners.
e. GM crops are beneficial because they lead to adoption of more
environmentally friendly farming systems.
f. GM crops are beneficial because they result in increased soil
moisture retention, decreased soil erosion, and pesticide run-off.
g. GM crops are harmful to the environment because they kill useful
microorganisms in the soil.
h. GM crops are beneficial to the environment because they lead to
farming systems that improve air and water quality.
i. GM crops are beneficial because they increase the availability of
habitat and ground cover for wildlife.
j. GM crops threaten indigenous plants and animals.

Strongly
Disagree
2.82

Disagree

Neutral

Agree

Mean

Std. Dev.

28.72

Strongly
Agree
7.44

17.69

43.33

3.20

0.91

3.60

25.71

39.85

20.82

10.03

3.08

1.00

3.87

7.99

32.99

48.20

6.96

3.46

0.88

3.61

27.06

45.10

17.27

6.96

2.97

0.93

4.63

11.31

39.85

39.33

4.88

3.29

0.90

3.09

13.66

51.29

28.87

3.09

3.15

0.81

3.59

31.54

51.03

10.51

3.33

2.78

0.81

3.08

12.05

49.49

32.05

3.33

3.21

0.81

4.37

16.97

56.30

19.54

2.83

2.99

0.81

4.11

26.22

42.93

18.77

7.97

3.00

0.97
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RESPONDENT’S MORAL AND ETICAL CONCERNS OF GM FOOD IN A SURVEY OF CONSUMER ACCEPTANCE
OF GM FOOD (%)
Statements
a. Genetic modification violates the basic principles regarding the
relationship between humans and nature.
b. Genetic modification is like playing God.
c. Humans have a duty to respect nature and animal welfare.
d. Creating GM plants and animals is morally wrong.
e. GM crops go against nature.

Strongly
Disagree
12.53

Disagree

Neutral

Agree

Mean

Std. Dev.

18.41

Strongly
Agree
9.97

34.53

24.55

2.79

1.18

19.44
0.51
15.31
13.52

30.43
1.28
31.12
32.14

24.04
10.71
35.71
28.32

16.88
46.68
9.95
17.09

9.21
40.82
7.91
8.93

2.66
4.26
2.64
2.76

1.23
0.74
1.10
1.16

TRUST ON BIOTECHNOLOGY INSTITUTIONS IN A SURVEY OF CONSUMER ACCEPTANCE OF GM FOOD (%)
Statements
a. How much do you trust the information they provide regarding
the safety and nutritional aspects of GM foods?
Government agencies
Consumer and environmental groups
Food and agribusiness companies
Scientists and academics
b. How much do you trust the following institutions to protect wildlife and the
environment from potential harmful effects of genetically modified crops?
Government agencies
Consumer and environmental groups
Food and agribusiness companies
Scientists and academics
c. How much do you trust the following institutions regarding testing,
inspection, and regulation of GM foods?
Government agencies
Consumer and environmental groups
Food and agribusiness companies
Scientists and academics
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1

2

3

4

5

Mean

Std. Dev.

22.82
12.08
26.55
8.23

25.90
20.31
26.29
13.11

34.62
31.88
31.96
29.82

12.05
27.51
11.34
35.22

4.62
8.23
3.87
13.62

2.50
2.99
2.40
3.33

1.11
1.14
1.11
1.12

26.42
11.37
29.02
9.35

24.35
11.63
26.42
16.10

31.35
28.94
31.61
38.18

13.73
34.11
10.36
27.79

4.15
13.95
2.59
8.57

2.45
3.28
2.31
3.10

1.14
1.18
1.08
1.07

23.97
13.73
29.02
9.04

20.88
17.10
26.42
14.73

31.70
30.83
31.61
32.82

18.30
28.76
0.36
33.07

5.15
9.59
2.59
10.34

2.60
3.03
2.39
3.21

1.18
1.18
1.10
1.10

RESPONDENT’S ACCEPTANCE OF GM FOOD IN A SURVEY OF CONSUMER ACCEPTANCE OF GM FOOD (%)
Statements
a. Labels that disclose the presence of GM ingredients are
necessary to differentiate regular foods from GM foods.
b. Risks associated with GM foods are acceptable.
c. I am afraid of eating GM foods.
d. The potential risks from GM foods have been greatly
overstated.
e. The benefits of GM foods outweigh the risks.

Strongly
Disagree
2.05

Disagree

Neutral

Agree

Mean

Std. Dev.

34.46

Strongly
Agree
41.79

5.38

16.41

4.08

0.99

16.37
11.31
7.73

26.09
31.36
15.21

35.04
35.99
46.13

18.41
12.60
24.48

4.09
8.74
6.44

2.68
2.76
3.07

1.08
1.09
0.98

10.57

13.40

50.77

20.88

4.38

2.95

0.97

RESPONDENT’S WILLINGNESS TO BUY GM FOOD IN A SURVEY OF CONSUMER ACCEPTANCE OF GM FOOD
(%)
Statements
a. I have no problem with buying GM foods.
b. I avoid buying GM foods.
c. I would be willing to buy a GM tomato with enhanced
nutritional value.
d. I would be willing to buy GM foods if they were less
e xpensive.
e. I would be willing to buy vegetable oil made of genetically modified
soybeans.

Strongly
Disagree
12.60
7.24

Disagree

Neutral

Agree

16.97
29.46

34.19
35.40

10.28

13.37

11.66
12.89
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Mean

Std. Dev.

30.85
17.31

Strongly
Agree
5.40
10.59

2.99
2.95

1.10
1.09

24.42

44.47

7.46

3.25

1.11

14.51

27.98

37.56

8.29

3.16

1.14

15.46

26.03

38.92

6.70

3.11

1.15

LABELING PREFERENCES AND WILLINGNESS TO PAY A PREMIUM FOR MANDATOR Y LABELING IN A
SURVEY OF CONSUMER ACCEPTANCE OF GM FOOD
Labeling Preferences
Voluntary Labeling
Mandatory Labeling
Pay a Premium
Don’ Pay a Premium

%
28.87
71.13
30.23
40.83

Mean

Std. Dev.

0.29

0.45

1.12

0.83

PERCENTAGE OF RESPONDENTS INDICATING THEIR USE OF FOOD LABELS AND FREQUENCY OF
PURCHASING ORGANIC FOOD IN A SURVEY OF CONSUMER ACCEPTANCE OF GM FOOD
Statements
S. How often do you read foods labels before buying
a new food product?
S. How often do you purchase organic foods?

Never

Seldom

Most of the
time
33.93

All of the
time
35.46

Mean

Std. Dev.

8.42

Some of the
time
20.41

1.79

3.93

1.03

12.37

31.58

44.21

10.26

1.58

2.57

0.89

WILLINGNESS TO PAY A PREMIUM FOR GM POTATOES AND BEEF WITH BENEFITS DISCLOSURE IN A
SURVEY OF CONSUMER ACCEPTANCE OF GM FOOD
Pay a Premium (%)

Don’t pay a Premium (%)

Mean

Std. Dev.

GM potatoes

33.59

66.41

0.34

0.47

GM beef

40.36

59.64

0.40

0.49
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